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3+ 3D

architectures: synthesis, characterization, and
their luminescence behavior
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Abstract

Three-dimensional self-assembled rugby-ball-shaped microarchitectures of tetragonal Na0.5La0.5MoO4:Eu
3+ crystal

structure were synthesized by facile hydrothermal method at 200°C for 8 h using ethylenediaminetetraacetic acid
(EDTA) as surfactant. Structure and morphology of Na0.5La0.5MoO4:Eu

3+ were investigated by X-ray diffraction and
scanning electron microscopy. In the hydrothermal process, EDTA not only acts as a chelating reagent to facilitate
the formation of Na0.5La0.5MoO4:Eu

3+ but also acts as a surface capping agent to adhere to the newly created
surface and to promote crystal splitting. The molar concentration of EDTA plays an important role and can
effectively tune the size of the particles. Photoluminescence study reveals that hierarchical structures of
Na0.5La0.5MoO4:Eu

3+ show a strong emission in the red region under 395-nm UV excitation.
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Background
Homogenous and self-aggregated three-dimensional (3D)
superstructures with uniform size distribution have attracted
interest nowadays because of their aberrant behavior that
tailors the physical and chemical properties of materials
resulting from momentous advancement that has been de-
veloped for the fabrication of a new class of micro- and
nanostructured devices [1,2]. The peculiar size-dependent
properties of 3D hierarchical networks have initiated world-
wide intense research to material scientists in different fields
of applications such as opto-electronics, catalysts, display de-
vices, and fluorescent probes for biological staining [3,4]. Re-
cently, the interests have been expanded into controlling the
shape of micro/nanomaterials and also in understanding the
correlations between the material shape and their properties.
Sheaf-like orthorhombic Gd2(MoO4)3:Eu

3+ nanostructures
[5], ordered shuttle-like NaLa(MoO4)2:Eu

3+ nanorods com-
posed of nanoparticles [6], self-assembled 3D flower-like
NaY(MoO4)2:Eu

3+ microarchitectures [7], and 3D bowknot-
like hierarchical microstructures Y2(WO4)3:Ln

3+ [8] are the
few examples of the shape-controlled synthesis of 3D net-
works. Therefore, the development of a reliable and
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convenient synthetic route that can control the shape of
nanostructures under ambient conditions remained an im-
portant research topic of investigation.
It is well known that among the various solution-phase

techniques, the hydrothermal route has been exclusively in-
vestigated as a promising alternative technique for the fabri-
cation of three-dimensional hierarchical structures under
mild synthesis and feasible environment [9]. The reason is
that this method is fast, simple, economical, and environ-
ment friendly [10]. Recently, scheelite-type crystalline struc-
tures of molybdate or tungstate compounds, in which Mo6+

or W6+ ions are coordinated tetrahedrally, show promising
applications in the field of opto-electronics and laser tech-
nology [11,12]. The compounds with the general formula
Na0.5R0.5MoO4 (where R = La3+, Gd3+) possess the tetrag-
onal scheelite structure in which Na+ and R3+ jointly occu-
pied the dodecahedral positions and the Mo6+ ions are at
the centers of the tetrahedral symmetry [13]. Recently,
europium-activated molybdates are more attractive due to
strong red light emission under 393- to 464-nm excitations
[14], and Eu3+ has been extensively studied in rare-earth
ions due to its unique spectral character that shows
enriched emission in various host materials.
With this view, we have reported Na0.5La0.5MoO4:Eu

3+

rugby-ball-shaped microarchitectures prepared by the
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hydrothermal route at 200°C for 8 h by modulating the
ethylenediaminetetraacetic acid (EDTA) molar concen-
trations. The structure and phase purity of the samples
were analyzed using X-ray diffraction (XRD) patterns.
The characteristic vibrational behaviors of elements were
analyzed by Fourier transform infrared spectrometry
(FTIR). The final product morphology was examined by
scanning electron microscopy (SEM) analysis, and the
room-temperature photoluminescence properties of
Na0.5La0.5MoO4:Eu

3+ were investigated.

Results and discussion
Structural and morphological investigation
Figure 1 shows the XRD pattern of Na0.5La0.5MoO4:Eu

3+

prepared by the hydrothermal method by modulating
molar concentrations of EDTA. All the peaks are good
in agreement with the standard JCPDS card no. 79–2243
of Na0.5La0.5MoO4. It is clearly seen from the XRD that
the as-synthesized products are highly crystalline and
they belong to tetragonal phase with scheelite structure
of the space group I41/a.
Figure 2a,b,c,d,e,f indicates the low- and high-

magnification SEM images of Na0.5La0.5MoO4:Eu
3+

rugby-ball-shaped structures which were synthesized
by modulating the amount of EDTA with a fixed Na+,
[La3+/Eu3+]. When the molar ratio of EDTA was 1 mM,
microspheres with an average length of 2.3 μm and
diameter of 1.20 μm (Figure 2a) were obtained. The
SEM image of the sample synthesized with 1.25 mM
EDTA shows rugby-ball-shaped microstructures with
an average length of 2.1 μm and diameter of 1.1 μm
(Figure 2b). When the amount of EDTA was increased
Figure 1 XRD pattern of Na0.5La0.5MoO4:Eu
3+ prepared by hydrotherm

1.25, 1.50, 1.75, and 2.0 mM.
to 1.50 mM, the size of the particle was further re-
duced, showing an average length of 2.0 μm and diam-
eter of 1 μm (Figure 2c,d). At 1.75 mM concentration
of EDTA, the size was further reduced to an average
length of 1.8 μm and diameter of 850 nm (Figure 2e).
Still when the amount of EDTA was increased to 2.0
mM, the size of the particle was further reduced to 800
nm in length and 350 nm in diameter (Figure 2f ). The
increase in EDTA concentration enhances the chelating
ability of the EDTA molecule that will lead to the re-
duction of particle size. Hence, it was found that the
amount of EDTA introduced to the reaction system
had a great influence on the morphology and size dis-
tribution of the final products. It could be seen from the
SEM images that even a small change in the molar concen-
tration of EDTA shows an extreme impact on the size and
morphology of the final product. As a representative result,
Na0.5La0.5MoO4:Eu

3+ prepared with 1.50 mM of EDTA was
taken for FTIR and photoluminescence studies.

FTIR analysis
Figure 3 shows the FTIR transmittance spectra of the
Na0.5La0.5MoO4:Eu

3+ rugby-ball-shaped structure pre-
pared with 1.50 mM of EDTA. It consists of a strong and
broad absorption band starting from 700 to 850 cm−1,
and it was assigned to the stretching vibrations of O-
Mo-O in the MoO42− group [15]. This absorption band
was assigned to the antisymmetric stretch F2 (ν3) of the
scheelite tetragonal crystalline structure. The weak ab-
sorption at 1,407 cm−1 is assigned to the CH2 group, and
the sharp absorption at 1,572 cm−1 is due to H-O-H bend-
ing vibration of the absorbed water from air. In addition,
al method at 200°C for 8 h. With different EDTA concentrations: 1.0,



Figure 2 Low- and high-magnification SEM images of rugby-ball-shaped Na0.5La0.5MoO4:Eu
3+ 3D structures prepared by a

hydrothermal route. At 200°C for 8 h with different EDTA concentrations: 1.0 (a), 1.25 (b), 1.50 (c, d), 1.75 (e), and 2.0 mM (f).
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the wide bands corresponding to O-H stretch vibrations
were observed around 3,358 cm−1.

Photoluminescence studies
Figure 4 shows the room-temperature PL excitation
and emission spectra of Na0.5La0.5MoO4:Eu

3+ rugby-ball
Figure 3 FTIR transmittance spectra of Na0.5La0.5MoO4:Eu
3+

rugby-ball-shaped microstructure.
intra-configurational f-f transitions of Eu3+ that appeared
in the wavelength region 350 to 450 nm. These character-
istic configurations were assigned to the transition from
ground state (7F0) to the Eu3+ upper excited states (5D4,3

and L6,7), i.e.,
7F0 →

5D4 (362 nm), 7F0 →
5L7 (382 nm),

7F0 → 5L6 (395 nm), and 7F0 → 5D3 (416 nm). While
exciting with 395-nm UV irradiation, the emission
spectra are dominated by the hypersensitive red
Figure 4 Photoluminescence excitation and emission spectra of
Na0.5La0.5MoO4:Eu

3+ prepared with 1.50 mM EDTA concentration.
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emission (612 nm), showing the transition 5D0 → 7F2
(due to electric-dipole transition). The other transi-
tions, 5D0 → 7F1 (magnetic-dipole transition), 5D0 →
7F3, and

5D0 →
7F4, are relatively weak. The presence of

strong luminescent intensity indicates the good crystal-
line nature of Na0.5La0.5MoO4:Eu

3+ rugby-ball-shaped
microstructures.

Conclusions
Self-assembled 3D superstructures of Na0.5La0.5MoO4:
Eu3+ were successfully synthesized using hydrothermal
route under mild synthesis condition with different molar
concentrations of capping agent (EDTA). The hierarchical
architectures of Na0.5La0.5MoO4:Eu

3+ belong to the
scheelite tetragonal structure with the space group I41/a.
The FTIR results confirm the presence of stretching vibra-
tions of metal-oxygen bands. The SEM images clearly in-
dicate that the final product consists of rugby-ball-shaped
microstructures with uniform size distribution. The molar
ratio of EDTA introduced to the reaction system had a
great influence on the morphology and size distribution of
the particles. The photoluminescence study reveals that
upon 395-nm UV excitation, the Na0.5La0.5MoO4:Eu

3+

crystal structure shows strong emission in the red region
at 615 nm. These results may be important for the synthe-
sis of three-dimensional networks to fabricate new class of
micro/nanostructures.

Methods
Synthesis of rugby-ball-shaped 3D hierarchical structures
of Na0.5La0.5MoO4:Eu

3+

All the chemicals were purchased from Sigma-Aldrich
(St. Louis, MO, USA) with 99.99% purity. In the typical
synthesis, the stoichiometric amount of Na2MoO4 was
first dissolved in 30 mL of double-distilled water under
vigorous stirring. Then, LaCl3 and EuCl3 were prepared
by dissolving the corresponding rare-earth oxides
(La2O3, Eu2O3) in diluted hydrochloric acid and stirred
for 15 min. In order to remove the excess HCl, the solu-
tion was heated to 60°C to 80°C for 30 min. Then the
separate rare-earth chloride solution was carefully mixed
with the Na2MoO4 solution, and a white colloidal pre-
cipitate was obtained under vigorous stirring for 30 min.
Finally, 1 to 2 mM of EDTA was dissolved in 20 mL of
double-distilled water, and it is added to the resultant
colloidal solution. Then the pH value of the final prod-
uct was consequently adjusted to 7 by adding NaOH
solution. After additional agitation for 30 min, the as-
obtained white colloidal precipitate was transferred into
a 100-mL Teflon autoclave, sealed in a stainless steel
vessel, and heated at 200°C for 8 h. Subsequently, the
autoclave was allowed to cool at room temperature, and
the resultant solid products were centrifugally separated
from the suspension, washed with distilled water and
absolute ethanol several times, and dried at 60°C in air
for 5 h.

Characterization
The XRD patterns were recorded on Philips X’Pert PRO
system from PANalytical’s diffractometer (Almelo, The
Netherlands) with Cu Kα radiation (λ = 0.15406 nm) and a
scanning rate of 0.05° s−1. Morphology and elemental com-
position of the product were investigated by SEM (JEOL
JSM-840, Akishima-shi, Japan). FTIR measurements were
carried out in Nicolet 6700 FTIR (Waltham, MA, USA)
equipped with a deuterated triglycine sulfate detector. Fur-
thermore, the room-temperature photoluminescence prop-
erties of the sample were measured using a Horiba-Jobin
Yvon nanolog spectrofluorometer (Kyoto, Japan).
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