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Abstract In this paper, strontium molybdate (StMoQy)
nanostructures were synthesized via a sonochemical
method based on the reaction between strontium (II) nitrate
and ammonium heptamolybdate tetrahydrate in water.
Capping agents are frequently used in colloidal synthesis to
inhibit nanoparticle overgrowth and aggregation as well as
to control the structural characteristics of the resulted
nanoparticles in a precise manner; therefore, glucose and
lactose were applied as capping agents. Besides, the effect
of glucose and lactose on the morphology and size of final
products were investigated by SEM analysis. According to
the vibrating sample magnetometer, StMoO, nanostruc-
tures indicated a ferromagnetic behavior at room temper-
ature. To evaluate the catalytic properties of
nanocrystalline StMoQy, the photocatalytic degradations of
methyl orange under ultraviolet light irradiation were car-
ried out. The structural, morphological, magnetic, and
optical properties of as-obtained products were character-
ized by techniques such as XRD, SEM, EDX, VSM, and
UV-Vis spectroscopy.

1 Introduction
Nanostructures have gained much attention among mate-

rials, because the nanocrystal properties not only depend
on their composition but also depend on their size, shape,
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and size distribution [1-7]. In recent years, tungstates and
molybdates are materials that have attracted the interest of
many technological fields and scientific areas owing to
their wide potential to industrial application, including
optic fiber, humidity sensor, catalysts, scintillation detec-
tor, solid-state lasers, photoluminescent devices, micro-
wave applications and so on [8—17]. These materials have
been prepared in both powder and film forms by means of
several technologies, such as spray pyrolysis, pulsed laser
deposition, RF-magnetron sputtering, and sol-gel method
[18-22]. However, these methods generally require
expensive and sophisticated equipments, high tempera-
tures for a long time, expensive precursors and high
consumption of electric energy [23]. A possible alterna-
tive for reduction of these factors can be the use of
sonochemical method. Orthomolybdates are very inter-
esting materials due to their applications. Strontium
molybdate (StMoO,) is a prominent member of this
family. It has attracted particular interest as host for
lanthanide-active lasers as well as scintillator and photo-
catalytic material [24-26]. StMoO, crystallizes in the so-
called scheelite structure (scheelite = CaWQ,) [27] which
belongs to the tetragonal space group (SG) 14,/,. There
are some methods for SrMoO, preparation which involve
co-precipitation [28], solid state reaction method [29], and
combining sol-gel and solid-state route [30]. Among
various methods for the preparation of nanostructures,
ultrasonic method is more promising in terms of low cost,
simply control the shape and particle size, low processing
temperature, simplicity, and potential for large-scale
production. Recently, the ultrasonic process as a fast,
convenient, and economical method has been widely used
to generate novel nanostructured materials under ambient
conditions [31, 32]. It is widely accepted that the prop-
erties of nanomaterials have a close relationship with their
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morphology, size, size distribution, crystallinity, and
control over the morphology and size of inorganic
materials at micro and nano scale level is an important
goal; therefore, in this paper we investigate the effect of
glucose and lactose as capping agents on the morphology
and particle size of StMoQO, nanostructures with aid of
sonochemical method. In addition, the efficiency of the
SrMoQ, nanostructures as a photocatalyst for the decol-
orization of methyl orange (MO) using ultraviolet light
irradiation has been evaluated.

2 Experimental
2.1 Characterization

All the chemicals used in this method were of analytical
grade and used as-received without any further purification.
Ultrasonic irradiation was accomplished using a high-in-
tensity ultrasonic probe (Sonicator 3000; Bandeline, MS 72,
Germany, Tihorn, 20 kHz, 60 W cmfz) immersed directly
in the reaction solution. X-ray diffraction (XRD) pattern
was recorded by a Philips-X’PertPro, X-ray diffractometer
using Ni-filtered Cu Ko radiation at scan range of
10 < 20 < 80. Scanning electron microscopy (SEM) ima-
ges were obtained on LEO-1455VP equipped with an
energy dispersive X-ray spectroscopy. The electronic
spectra of the zinc tungstate were obtained on a Scinco UV—
Vis scanning spectrometer (Model S-10 4100). The energy
dispersive spectrometry (EDS) analysis was studied by
XL30, Philips microscope. The magnetic measurement of

Table 1 Reaction conditions for SrMoQ,4 nanostructures

Sample no Power (W) Capping agent Degradation (%)
70 - 71
70 Lactose 62
70 Glucose 51

samples were carried out in a vibrating sample magne-
tometer (VSM) (Meghnatis Daghigh Kavir Co.; Kashan
Kavir; Iran) at room temperature in an applied magnetic
field sweeping between £10,000 Oe.

2.2 Synthesis of SrMoQ,4 nanostructures

At the first step, the appropriate amount of Sr(NOj),
(0.60 gr) and (NH4)sMo0,0,4-4H,0 (0.50 gr) was dissolved
in 20 ml of distilled water separately. Then, 0.5 gr of
lactose as natural surfactant was added to the Sr(NO;),
solution under constant stirring. Afterwards, the final
solution was loaded into a beaker and the reaction was
carried out in an ultrasonic digestion system at 70 W for
15 min. Subsequently, during the sonication, the solution
of (NH4)¢Mo070,4-4H,O was added into the above solution.
After irradiation, the system was allowed to cool to room
temperature naturally, the obtained precipitate was col-
lected by filtration, and washed with absolute ethanol and
distilled water several times. Finally, the product was dried
in vacuum at 90 °C for 2 h. Reaction conditions are listed
in Table 1.

Fig. 1 XRD pattern of StMoO,
nanostructures (sample 1)
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Fig. 2 SEM image of SrMoO, nanostructures a sample 1, b sample 2, ¢ samples 3

2.3 Photocatalytic experimental

The methyl orange (MO) photodegradation was examined as a
model reaction to evaluate the photocatalytic activities of the
SrMoO, nanostructures. The photocatalytic experiments were
performed under an irradiation ultraviolet light. The photo-
catalytic degradation was performed with 50 mL solution of
methyl orange (0.0005 g) containing 0.1 g of SrMoO,
nanostructures. This mixture was aerated for 30 min to reach
adsorption equilibrium. Later, the mixture was placed inside
the photoreactor in which the vessel was 15 cm away from the

@ Springer

ultraviolet source of 400 W mercury lamps. The photocat-
alytic tests were performed at room temperature. Aliquots of
the mixture were taken at definite interval of times during the
irradiation, and after centrifugation they were analyzed by a
UV-Vis spectrometer. The methyl orange (MO) degradation
percentage was calculated as:

Degradation rate(%) = 100(Ag — A)/Ao (1)
where A; and A, are the obtained absorbance value of the

methyl orange solution at t and 0 min by a UV—Vis spec-
trometer, respectively.
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Fig. 3 EDS pattern of StMoO,4 8 4
nanostructures (sample 1) 1
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Fig. 4 VSM curve of SrMoO, nanostructures (sample 1)
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Fig. 5 UV-Vis pattern of SrMoO, nanostructures (sample 1)
3 Results and discussion
Crystalline structure and phase purity of as-prepared

SrMoQO, nanostructures has been determined using XRD.
The XRD pattern of SrMoQO, nanostructures (sample 1) is

Irradiation Time (min)

Fig. 6 Time dependent decolorization of methyl orange aqueous
solutions under UV light illumination in blank and presence of the
various SrMoQO, nanostructures

shown in Fig. 1. Based on the Fig. 1, the diffraction peaks
observed can be indexed to pure tetragonal phase of STMoQ,4
nanostructures (a = b = 5.3944 A, ¢ = 12.0200 /&) with
space group of 141/a and JCPDS no. 08-0482. No diffraction
peaks from other species could be detected, which indicates
the obtained sample is pure. From XRD data, the crystallite
diameter (Dc) of StMoO, nanostructures (sample 1) was
calculated to be 36 nm using the Scherer equation:

D, = K\ /fcosb Scherer equation

where f is the breadth of the observed diffraction line at its
half intensity maximum, K is the so-called shape factor,
which usually takes a value of about 0.9, and A is the
wavelength of X-ray source used in XRD. In today’s
modern world natural surfactants and capping agents play a
vital role in synthesis of nanomaterials especially where
size and morphology of final products be very important
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[33-35]. Hence, in this research we examined the effect of
glucose and lactose as the capping agents on the synthesis
SrMoQO, nanostructures. In the absence of capping agents
(glucose and lactose, sample 1), the product mainly con-
sists of flower-like nanostructures which formed by almond
nanostructure, as shown in Fig. 2a. According to the
Fig. 2b, in the presence of lactose products consist of
agglomeration sheet nanoatructures. Changing capping
agent from lactose to glucose causes formation flower-like
nanostructures consist of nanorods, as shown in Fig. 2c.
The EDS analysis measurement was used to investigate the
chemical composition and purity of SrMoO, nanostruc-
tures (sample 1). According to the Fig. 3, the product
consists of Sr, W, and O elements. Furthermore, neither N
nor C signals were detected in the EDS spectrum, which
means the product is pure and free of any surfactant or
impurity. The VSM magnetic measurements for the
SrMoO, Fig. 4 show the magnetic properties of nanopar-
ticles prepared at low temperature. The SrMoO, nanos-
tructures (sample 1) exhibit ferromagnetic behavior at
room temperature, with a saturation magnetization of
.0008 emu/g and a coercivity of 125 Oe. Figure 5 shows
the diffused reflectance spectrum of the as-prepared
SrMoO, nanostructures (sample 1). The fundamental
absorption edge in most semiconductors follows the
exponential law. Using the absorption data the band gap
was estimated by Tauc’s relationship:

o = a0(hv — Eg)n/hv

where o is absorption coefficient, hv is the photon energy,
o0 and h are the constants, E, is the optical band gap of the
material, and n depends on the type of electronic transition
and can be any value between 0.5 and 3. The energy gap of
the SrMoO, nanostructures (sample 1) is determined by
extrapolating the linear portion of the plots of (ohv)?
against hv to the energy axis, as shown in Fig. 5. The E,
value is calculated as 3.25 eV for the SrMoQO, nanostruc-
tures. Photodegradation of methyl orange under UV light
irradiation (Fig. 6) was employed to evaluate the photo-
catalytic activity of the as-synthesized StMoQ, (sample 1-
3). No methyl orange was practically broken down after
60 min under UV light irradiation in the absence of
nanocrystalline StMoO,. The probable mechanism of the
photocatalytic degradation of methyl orange can be sum-
marized as follows:

StMoOy4 + hv — StMoO; + e~ + h* (2)
h* + H,0 — OH’ (3)
e” +0,— 05 (4)

OH' + O; + methyl orange — Degradation products
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Scheme. 1 A schematic diagram of methyl orange degradation
reaction mechanism over the surface of SrMoQO, nanostructures

Using photocatalytic calculations by Eq. (1), the methyl
orange degradation was about 73, 62, and 51 % after
60 min irradiation of UV light in the presence of samples
1-3, respectively. The degradation pathway of methyl
orange over the surface of StMoQO, nanostructures is shown
in Scheme 1.

4 Conclusions

In this work, SrMoO, nanostructures were successfully
synthesized by simple sonochemical method in an aqueous
solution. EDS and XRD results proved high purity of the
as-prepared SrMoO, nanostructures. To investigate the
effect of capping agents on the morphology and size of
final products several tests were performed in the presence
of glucose and lactose. The products were analyzed by
scanning electron microscopy (SEM), and ultraviolet—vis-
ible (UV-Vis) spectroscopy to be round, about 50-55 nm
in size and Eg = 3.25eV. Applying nanocrystalline
SrMoO, as the photocatalyst causes maximum 73 %
degradation of methyl orange after 60 min irradiation of
UV light.
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