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Abstract SrMoO4 doped with rare earth are still scarce
nowadays and have attracted great attention due to their
applications as scintillating materials in electro-optical like
solid-state lasers and optical fibers, for instance. In this
work Sr1−xEuxMoO4 powders, where x=0.01; 0.03 and
0.05, were synthesized by Complex Polymerization (CP)
Method. The structural and optical properties of the
SrMoO4:Eu

3+ were analyzed by powder X-ray diffraction
patterns, Fourier Transform Infra-Red (FTIR), Raman
Spectroscopy, and through Photoluminescent Measure-
ments (PL). Only a crystalline scheelite-type phase was
obtained when the powders were heat-treated at 800 °C for
2 h, 2θ=27.8° (100% peak). The excitation spectra of the
SrMoO4:Eu

3+ (λEm.=614 nm) presented the characteristic
band of the Eu3+5L6 transition at 394 nm and a broad band
at around 288 nm ascribed to the charge-transfer from the O
(2p) state to the Mo (4d) one in the SrMoO4 matrix. The
emission spectra of the SrMoO4:Eu

3+ powders (λExc.=394
and 288 nm) show the group of sharp emission bands
among 523–554 nm and 578–699 nm, assigned to the
5D1→

7F0,1and 2 and 5D0→
7F0,1,2,3 and 4, respectively.

The band related to the 5D0→
7F0 transition indicates the

presence of Eu3+ site without inversion center. This
hypothesis is strengthened by the fact that the band referent

to the 5D0→
7F2 transition is the most intense in the

emission spectra.

Keywords Europium .Molybdate . Complex
polymerization method . Photoluminescence

Introduction

Alkaline earth molybdates, M1−xTRxMoO4 (M=Ca, Sr, Ba;
TR=Eu, Tb, Tm), presenting a distorted tetragonal
scheelite-like (β) structure have characteristic properties
and are receiving great interest because of their potential
application in areas such as laser hosts, phosphors, optical
fibers, pigments, humidity sensors, magnetic materials,
ionic conductors, catalysts, etc [1, 2]. Besides, molybdates
are being considered good hosts for luminescent materials
due to its excellent thermal and chemical stability [3, 4].

Powders and films of molybdates with a scheelite-like
crystalline structure have been synthesized through differ-
ent methodologies [5–9]. Some of these procedures,
however, promote the obtention of inorganic materials with
relatively large particle sizes, where several of them could
present little homogeneity in their morphology and com-
position [10].

The Complex Polymerization (CP) Method allows the use
of relatively low annealed temperatures and reduces the
segregation of the metal, promoting the homogeneity in the
composition of the material in molecular scale. These
advantages permit a bigger distribution of cations, promoting
the chemical uniformity through all polymeric material,
favoring the homogeneity of the multicomponent oxides
[11, 12]. Because of these characteristics the CP Method will
be used in this work to prepare doped SrMoO4 with Eu3+ in
different concentrations of this ion in its matrix.
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Europium in its trivalent state is one of the most studied
through the luminescence spectroscopy among the rare
earth elements as a consequence of the simplicity of its
spectra and due to the wide application as red phosphor in
color TV screens. This ion have also attracted significant
attention of the researchers due to their potential application
as biological sensors, phosphors, electroluminescent devi-
ces, optical amplifiers or lasers when it is used as doping in
a variety of materials [13, 14]. These advantages are mainly
originated to the fact that the Eu3+5DJ (J=0, 1, 2 and 3)
excited states are well separated from the ground terms 5FJ′
(J′=0, 1, 2, 3, 4, 5 and 6). The main emitting excited level,
5D0, and the ground state one, 7F0, are not splited, giving
rise to only one peak related to the 5D0→

7F0 transition
(when the Eu3+ ion is located in identical sites having Cs,
Cn or Cnv symmetries), making easy the interpretation of
the spectral, providing information on the eventual exis-
tence of different Eu3+ sites. The 5D0→

7F1 transition
usually is given as reference since it is allowed by forced
magnetic dipole mechanism, and consequently its intensity
is not considerably modified by disturbance of the
crystalline field around the Eu3+ ion. Additionally Eu3+
5D→7F transitions present long lifetime (milliseconds) and
great Stokes displacement when the photoluminescent
spectrum is gotten by direct excitation of the 5L6 level
(∼394 nm) or through another excited state [15].

There are small amount of research on the optical
properties of SrMoO4 doped rare earth. Recently, Ho3+:
SrMoO4 single crystal was grown by the Czochralski
method in N2 atmosphere and the polarized absorption
spectra, emission spectra and the lifetime decay curves
were measured at room temperature [7]. The same
researchers [5] published the work where Er3+:SrMoO4

crystal of high optical quality was grown using this method
and the room temperature polarized absorption and emis-
sion spectra together with the lifetime decay curve were
measured. In another paper the authors described that single
crystal of Tm3+:SrMoO4 was successfully prepared by the
same methodology and grown along the (0 0 1) orientation
in N2 atmosphere. The refractive index of SrMoO4 crystal
was measured at room temperature. The radiative probabil-
ities, radiative branching ratios, radiative lifetimes and
stimulated emission cross sections of Tm3+ in SrMoO4

were obtained [16]. A new Eu activated molybdate
phosphor, SrMoO4, was fabricated using solid-state method
in order to prepare fluorescent material for white Light
Emitting Diodes (LEDs) [17], and more recently rare-earth
ions (Eu3+, Tb3+) doped AMoO4 (A = Sr, Ba) particles with
uniform morphologies were successfully prepared through
a facile solvothermal process using ethyleneglycol (EG) as
protecting agent [18]. According to our knowledgements,
any paper deals with the Eu3+ photoluminescent properties
in this matrix using the methodology employed in this

study. The investigation on the synthesis and room
temperature photoluminescent properties of the Eu3+ in
different concentrations doping SrMoO4 matrix prepared by
the CP Method, as well as its characterization by X-ray
diffraction patterns (XRD), Fourier Transform Infra-Red
(FTIR) and Raman Spectroscopy are presented here for the
first time.

Experimental

Materials

The chemical reagents used in this study without further
purification were molybdenum trioxide MoO3 (Synth
85%), SrCO3, (Mallinckrodt 99%), europium (III) oxide
(Aldrich, USA, 99.999%), citric acid (H3C6H5O7) (Mal-
linckrodt 99%) and ethylene glycol (HOCH2CH2OH) (J. T.
Baker 99%).

Preparation of Sr1−xEuxMoO4 (SEMO) and pure SrMoO4

(SMO) powders

Sr1−xEuxMoO4 (SEMO) powders (x=0.0; 0.01; 0.03 and
0.05), were produced by CP Method, the Fig. 1 is a flow
chart representing the preparation of SEMO powders. In the
synthesis of the SEMO powders the molar ratio between Sr+2

and Eu+3 was set in the respective proportions of 99:1, 97:3
and 95:5. The obtained dark-brown powders were pulverized
using a mortar and were finally annealed at 800 °C for 2 h
under ambient atmosphere, using a heating rate of 5 °C/min.
The obtained white powders with its respective amount of
Eu3+ ions were denoted as SEMO.

Fig. 1 Flow chart representing the procedure employed in the
synthesis of SEMO powders
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Characterizations

The structural evaluation and the unit cell volume of the
SEMO and SMO powders were determined through its X-ray
diffraction patterns (XRD) using a Rigaku Dmax2500PC
diffractometer. The average crystallite diameter (Dcrys) of the
materials after the heat treatment was determined using the
(112) diffraction peak of the SrMoO4 phase, which 2θ is
located at around 26.5° [10]. Fourier transform infrared
(FTIR) spectra were obtained in an Equinox/55 Bruker
spectrometer, while Raman spectroscopy data were obtained
in a RFS/100/S Bruker FT-Raman equipment. The room
temperature photoluminescence (PL) data of the SEMO
powders were obtained in a Jobin Yvon-Fluorolog spectro-
fluorometer using a 450 W xenon lamp as excitation energy
source. Luminescence lifetime measurements were carried
out as well using a 1934D model spectrophosphorometer
coupled to the spectrofluorometer.

Results and discussion

Figure 2 presents the XRD patterns of the SEMO powders
containing (a) 1.00, (b) 3.00, and (c) 5.00% of Eu3+ and
SMO powders annealed at 800 °C for 2 h. According the
JCPDS data base [19] all diffraction peaks were indexed as
a scheelite-like single phase of the SrMoO4 presenting the
tetragonal symmetry. The lattice parameters a and c were
calculated from the peak positions displayed in this figure,
using the least square refinement from the REDE93
program. Table 1 presents the crystallite sizes and lattice
constants a and c of tetragonal structure of SrMoO4 and
SrMoO4:Eu

3+ powders prepared by CP Method and heat

treated at 800 °C for 2 h. The values of a and c for the
crystalline SMO and SEMO powders are also in accordance
to reported data for bulk material, where a=5.3944 Å and
c=12.020 Å [19].

The average crystallite diameters (Dcrys) of the materials
after the heat treatments were determined using the (112)
diffraction peak of the SrMoO4 phase, which 2θ is located
at around 26.5° (100% peak) [10]. It is observed in this
table that the SEMO samples containing 1.00 and 3.00% of
Eu3+ presented the same crystallite size values of 48 nm, as
well as the SMO powder heat treated at 800 °C. It is also
noticed that when the Eu3+ concentration was 5.00% the
material presented a decrease in this parameter, which value
was evaluated as 40 nm. This decrease in the crystallite size
values indicates the substitution of Sr2+ present in the
SrMoO4 lattice for Eu3+. Since the Eu3+ ratio is a little
small (0.109 nm) than Sr2+ ratio (0.132 nm), it is expected
that the [EuO8] clusters linked to the [MoO4]

2− ionic
tetragonal ones will result in small unit cell when compared
to the [SrO8] clusters linked to the [MoO4]

2−.
The scheelite primitive cell presents 26 different vibra-

tion modes: ΓTd ¼ 3 Ag þ 5 Auþ 5Bg þ 3Bu þ 5Eg þ 5Eu,
but only (Ag, Bg and Eg) are Raman-active, while the odd
modes (4Au and 4Eu) can be registered only in the infrared
spectra. The tree Bu vibrations are silent modes; one Au and
one Eu modes are acoustic vibrations. The spontaneous
Raman spectra with the assignments of the Raman-active
vibration modes of the pure SMO powders were already
studied [10] and are compared with SEMO powders in this
work. According to Basiev [20], the primitive cell of SMO
includes two formula units, the [MoO4]

2− ionic group, with
strong covalent Mo_O bonds, called internal modes, and the
weak coupling between the [MoO4]

2− ionic group and the
Sr2+ cations, the external modes. The internal vibrational
ones correspond to the vibrations within the [MoO4]

2−

group, with an immovable mass center. The external or
lattice phonons correspond to the motion of the Sr2+ cations
and the rigid molecular unit. The [MoO4]

2− tetrahedral ion
in the free space presents Td symmetry.

Fig. 2 XRD patterns for the SMO (a) and SEMO powders containing
1.00 (b), 3.00 (c) and 5.00% (d) of Eu3+ heat treated at 800 °C for 2 h

Table 1 Crystallite sizes and comparison of tetragonal lattice
constants a and c of tetragonal structure of SMO and SEMO powders
prepared by CP Method and heat treated at 800 °C for 2 h

Sample Diameter crystallitea

(Dcrys. nm)
Lattice constants (Å)

a c

SMO 48±2.4 5.399(0) 12.041(1)

SEMO 1.00% Eu3+ 48±2.4 5.389(1) 12.018(2)

SEMO 3.00% Eu3+ 48±2.4 5.379(1) 11.100(3)

SEMO 5.00% Eu3+ 40±2.0 5.386(0) 12.002(2)

a=5.394 Å and c=12.02 Å [17]
a Calculated using the (112), 100% diffraction peak
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Spontaneous Raman spectra for SMO and SEMO heat
treated at 800 °C are presented in Fig. 3 and detailed in
Table 2. The Raman spectra showed the well-resolved sharp
peaks for the SMO and SEMO powders treated at 800 °C,
indicating that the synthesized powders were highly
crystallized. It was possible to detect some differences in
the Raman spectra of the SEMO samples doped with the
specified Eu3+ concentrations and the SMO sample heat
treated at the same temperature, theses differences are
presented with (*) in the Fig. 3. These differences are
assumed as referring to linked strong variations between
Mo-O caused by the presence of europium in the structure.

The FTIR spectra of the SMO and SEMO powders are
showed in Fig. 4, the measurements were carried out in the
transmittance mode. In the present tetrahedral symmetry
(Td) only the F2(ν3, ν4) modes are IR active. The band at
around 403 cm−1, related to the F2(ν4) vibration mode, is
observed in all the samples, SMO and SEMO. The spectra
of the SMO and SEMO display a very broad absorption
band around of 822 cm−1. These bands are assigned to
F2(ν3) antisymmetric stretch vibrations, which were
reported to be ascribed to the Mo–O stretching vibration
in MoO4

2− tetrahedra [21].
Figure 5 presents the room-temperature excitation

spectra of Sr1−xEuxMoO4 (x=0.01; 0.03; 0.05) (SEMO)
powders heat treated at 800 °C for 2 h, which were
obtained setting the Eu3+ emission maximum at 614.6 nm.
In these excitation spectra it was noticed the characteristic
excitation band due to the 5D0→

7L6 transition of the
[EuO8]

• units observed at 394 nm and a broad band at
288 nm. The presence of this broad band is ascribed to
charge transfer from the [MoO4]

2− ionic tetragonal clusters
to the [EuO8]

• ones. It is interesting to notice that the

intensity of the broad band at around 288 nm presents
almost the same value as the peak related to the [EuO8]

•

5D0→
7L6 transition located at 394 nm. In the case of the

BaMoO4 doped with Eu3+ powders (BEMO), studied
before by our group, the intensity of the energy transfer
band is always smaller when compared to the intensity of
the band related to the Eu3+5D0→

7L6 transition [22, 23]. It
is worth to notice the enhancements of the characteristic
emissions of these materials when this new route was used.
The results show that the red phosphor was obtained mainly
due to more efficiency in transferring charge transfer band

Table 2 Raman mode frequencies of SMO and SEMO powders
prepared by CP Method

Lattice mode
symmetry
C4h

6

SEMOa−Eu3+ % SMOb Assignments

1.00 3.00 5.00

Ag 929 929 928 886 ν1 (A1)
886 886 886

Bg 844 845 844 845 ν3 (F2)
Eg 793 793 794 795

772 770 771

Eg 381 381 381 381 ν4 (F2)
Bg 367 367 367 367

Bg 327 327 327 327 ν2 (E)
Ag 232 234

Eg 180 182 181 180 νf.r. (F1) free
rotation

Bg 161 163 νext.—external
modes MoO4

2−

and Sr2+ motions
Eg 138 139 139 138

Bg 112 112 112 112

Eg 95 95 95 95

a This present work
b Ref. [10]

Fig. 4 FTIR absorption spectra of SMO and SEMO containing 3.00%
of Eu3+

Fig. 3 Spontaneous Raman spectra of the SMO (a) and SEMO
powders containing 1.00 (b), 3.00 (c) and 5.00% (d) of Eu3+ heat
treated at 800 °C for 2 h
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from [MoO4]
2− ionic tetragonal clusters to the [EuO8]

•

ones. This phenomenon reaches its maximum when the
[EuO8]

• clusters concentration is around 0.03 moles.
Another advantage of this methodology in the synthesis of
this material is the fact that the band length of the charge
transfer band (from 260 to 320 nm, Fig. 5) makes possible
the [EuO8]

• clusters excitation in an ample range of the
ultraviolet region of the spectrum. In this work it was also
noticed that as the concentration increase the maximum
wavelength shifts to higher wavelength. The maximum of
this charge transfer band was observed at around 295 nm
for the sample SEMO 1.00% of Eu3+, while the samples
SEMO 3.00% and 5.00% of Eu3+ presented the maximum

Fig. 6 Emission spectra of the Sr1−xEuxMoO4 (x=0.01; 0.03; 0.05)
powders heat treated at 800 °C excited at 288 (a) and 394 nm (b)

Fig. 5 Room-temperature exci-
tation spectrum of
Sr1−xEuxMoO4 powders, where
x=0.01 (a), 0.03 (b), and 0.05
(c), heat treated at 800 °C for
2 h, when the emission is set at
614.6 nm. Inset: Zoom of exci-
tation spectrum of Sr0.97Eu0.03-
MoO4 powders
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7F2 transition for the SEMO powder

samples using the emission at 614.6 nm and excitation and 394 nm (a)
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at 288 nm. This charge transfer band is however reported in
the literature with a maximum at 270 nm [18].

Figure 6 shows the emission spectra of the SEMO
powders with different Eu3+ concentrations heat treated at
800 °C for 2 h, where the samples were excited at 288 and
394 nm. All samples presented the characteristic [EuO8]

•

clusters emission bands related to the 5D1→
7F0,

5D1→
7F1

and 5D1→
7F2 transitions at, respectively, 523, 533 and

554 nm, besides the [EuO8]
• clusters 5D0→

7F0,1,2,3 and 4

ones observed at around 578, 589, 614, 652 and 699 nm,
respectively. The band referent to the 5D0→

7F0 transition
indicates the presence of [EuO8]

• clusters sites without
inversion center. This hypothesis is strengthened by the fact
that the band ascribed to the 5D0→

7F2 transition is the most
intense in the emission spectra. It was observed through
these spectra that the relative intensity of the Eu3+

emissions increase as the concentration of this ion increases
from 0.01 to 0.03 mol. However, when the Eu3+ concen-
tration is higher than this value the intensities of the
emission bands are quenched drastically, as it is seen for the
sample with 0.05 mol. This behavior indicates the presence
of different energy transfer processes occurring in each
situation. When the Eu3+ concentrations are smaller than
0.03 mol, the non-radiative mechanism of energy transfer
between the Eu3+ ions is absent. It was observed however
that the charge-transfer from the O 2p state ([EuO8]

•) to the
Mo 4d state ([MoO4]

2−) is present in this situation and
increase as the Eu3+ concentration increases. The [MoO4]

2−

ionic tetragonal clusters make an important role absorbing
the excitation energy and transfer it then to the [EuO8]

•

ones. This process increases the population of the excited
state of these clusters and promotes the enhancement of the
emission. The increase in the intensity of the broad band is
also ascribed to this phenomenon. Both of the described
mechanisms contribute to the increase of the Eu3+ emission
intensities. When the Eu3+ concentration is higher than
0.03 mol, however, the mechanism which prevails is the
energy transfer from one [EuO8]

• clusters to another. This
energy migration process promotes an increase of the non-
radiative relaxation, since the optical excitation is trapping
at defects or impurity sites. In this way, the non-radiative
transitions among different [EuO8]

• clusters in the samples

are responsible for the Eu3+ luminescence inhibition, the so
called quenching concentration [23].

The decay curves of the 5D0→
7F2 transition for SEMO

samples containing 1.00, 3.00, and 5.00% of Eu3+ were
obtained using the emission at 614.6 nm and excitation at
394 or 288 nm. The decay curves followed a monoexpo-
nential behavior, as shown in the Fig. 7a and b. The life
time values are also shown for each excitation wavelength
applied in the Table 3.

The charge-transfer from the O (2p) state to the Mo (4d)
one is present, and increase when Eu3+ concentration
increases from 0.01 to 0.03 mol. The MoO4

2− units absorb
the excitation energy and then transfer it to the Eu3+. This
process presents slightly higher lifetime compared to the
excitation at 394 nm.
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