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Synthesis of nanocrystalline metal molybdates 
using cyclic microwave radiation 
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Nanocrystalline compounds MMoO4 (M = Ca, Sr and Ba) were synthesized in propylene glycol us-
ing cyclic microwave radiation. XRD, TEM, SAED and EDX analyses revealed the presence of nanocrys-
tallites of the phases containing the corresponding alkaline earth metals, Mo and O. The calculated lattice 
parameters and the crystallite sizes both increased with the increase in the atomic masses and the ionic 
radii of the divalent metals. Six different vibrations were detected using Raman spectroscopy, and very 
strong Mo–O stretching mode of [MoO4]2– tetrahedrons was observed using FTIR. 
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1. Introduction 

Nanomaterials have very unusual physical and chemical properties, different from 
their bulks [1, 2]. Metal molybdates MMoO4 (M = Ca, Sr and Ba, ionic radii of diva-
lent metals > 0.1 nm) with scheelite structure [3] are very suitable for use as lumines-
cent materials, optical fibres, scintillators and catalysts [4, 5]. 

A variety of methods are used to synthesize nanosized metal molybdates such as 
hydrothermal processing [5], reverse microemulsion [6], reverse micelles with solvother-
mal method [7], the molten salt method [8] and solid state reactions [9]. Recently, the 
microwave-assisted route has been applied as a novel way to synthesize nanomaterials. 
The process requires a short reaction time. The products have a narrow particle size distri-
bution and high purity compared with those synthesized by the conventional method [2]. 
Previously, metal molybdates were synthesized via a citrate complex route assisted by 
microwave radiation, followed by high temperature calcination [4]. For the present re-
search, purified nanocrystalline MMoO4 (M = Ca, Sr and Ba) were synthesized using cy-
clic microwave radiation without any further calcination at high temperatures. 
 _________  
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2. Experimental 

0.005 mol of each M(NO3)2 (M = Ca, Sr and Ba) and Na2MoO4 was separately 
dissolved in 15 cm3 propylene glycol (PG). The corresponding solutions were mixed 
and stirred for 30 min. The mixtures were heated at 600 W cyclic microwave radia-
tion. Every 100 s, the microwave was switched on for 15 s and switched off for 85 s. 
The cyclic process was terminated after 30 min had elapsed. Finally, white precipitates 
were produced. They were washed with distilled water and absolute ethanol, and dried 
in air at 80 °C for 24 h. 

The final products were characterized using an X-ray diffractometer (D-500 Sie-
mens) with CuKα radiation, a graphite monochrome and Ni filter with 2θ scanning 
angle ranging from 15° to 60°, Fourier transform infrared spectrometer (Bruker Ten-
sor 27) with the spectral resolution of 4 cm–1 with KBr as a diluting agent, Raman 
spectrometer (Horiba Jobin Yvon T64000) using 50 mW Ar laser (λ = 514.5 nm) with 
the spectral resolution of 5 cm–1, and a transmission electron microscope (Jeol, Jem-
2010) operating at 200 kV with an energy dispersive X-ray analyzer (Oxford Instru-
ments, INCA). 

3. Results and discussion 

XRD spectra of MMoO4 (M = Ca, Sr and Ba) are shown in Fig 1. The phases were 
identified by comparing their spectra with those of the JCPDS standard, PDF num-
bers: 85-0585 (CaMoO4), 86-0586 (SrMoO4) and 29-0193 (BaMoO4) [10].  

 

Fig. 1. XRD spectra of CaMoO4, SrMoO4 and BaMoO4 
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No characteristic peaks of impurities were detected. The molybdates have tetragonal 
scheelite structure (a = b ≠ c and α = β = γ = 90°) with I41/a space group [6, 10]. Their 
lattice parameters were calculated from the equation of plane spacing for the tetragonal 
structure and Bragg’s law for diffraction [11]. They are a = 0.5221 nm, c = 1.1417 nm 
for CaMoO4, a = 0.5417 nm, c = 1.2004 nm for SrMoO4, and a = 0.5610 nm,  
c = 1.2766 nm for BaMoO4. The calculated parameters are very close to those of the 
JCPDS standard [10]. Increase in the lattice parameters was related to the atomic 
masses and ionic radii of alkaline earth metals (Ca2+ – 0.112 nm, Sr2+ – 0.125 nm, Ba2+ 
– 0.142 nm) [3], which imply the difference of charge densities in MO8 polyhedral 
environment of the scheelite structure [12]. 

The crystallite sizes of MMoO4 (M = Ca, Sr and Ba) were calculated from the 
(112) peaks of XRD spectra and by applying Scherrer’s formula, B = λk/Lcosθ, where 
λ, θ, L, k and B are the wavelength of CuKα radiation, the Bragg angle, the average 
crystallite size, a constant (0.89), and the full width at half maximum of (112) peak in 
radians, respectively [11]. The calculated crystallite sizes of CaMoO4, SrMoO4 and 
BaMoO4 are 14.48, 15.83 and 18.00 nm, respectively. They all increased with the 
increase in the ionic radii and the atomic masses of the alkaline earth metals. 

It is proposed that the most likely reaction occurring in the synthesis of the 
nanocrystalline molybdates via the cyclic microwave radiation process is: 

M(NO3)2 + Na2MoO4 → MMoO4 + 2NaNO3 

PG and microwave radiation influence the fabrication of uniform nanosized parti-
cles, which can be explained as follows. PG has a high boiling point (187 °C) [13], 
thus the problem of overheating by microwave radiation can be overcome. At 25 °C, 
PG has a high permanent dipole moment (2.50 D) and a high electric permittivity 
(30.2) [14] which enables coupling with the electric field leading to the molecular 
vibration of PG. The solution may be rapidly heated to a high temperature and due to 
the microwave vibration (2.45 GHz) [15], nucleation and growth proceed in uniform 
environment. Finally, nanosized particles are synthesized. 

Alkaline earth metal molybdates contain [MoO4]2– tetrahedrons. 26 various vibra-
tions in the lattice space (3Ag + 5Au + 5Bg + 3Bu + 5Eg + 5Eu) were determined by the 
group theory calculations [3,16]. 3Ag, 5Bg and 5Eg vibrations are Raman active. Only 
4Au and 4Eu of the 5Au and 5Eu vibrations are infrared active, and the remaining ones 
(1Au and 1Eu) are acoustic vibrations. 3Bu vibrations are silent modes [3, 17]. Raman 
spectra (Fig. 2) show six vibrations at 875, 845, 792, 392, 322 and 204 cm–1 for 
CaMoO4, 883, 842, 794, 368, 327 and 181 cm–1 for SrMoO4, and 887, 834, 788, 359, 
327 and 192 cm–1 for BaMoO4. They correspond to ν1(Ag), ν3(Bg), ν3(Eg), ν4(Bg), ν2(Ag) 
and νfree rotation(Ag) modes, respectively [18]. 

FTIR spectra of the molybdates are shown in Fig 3. For Td symmetry, ν3(F2) and 
ν4(F2) modes are infrared active. They correspond to stretching and bending modes, re-
spectively [19, 20]. Very strong Mo–O stretching vibration in [MoO4]2– tetrahedrons was 
detected at 783–955 cm–1 and weak Mo–O bending vibration was evident at 422 cm–1. 
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Fig. 2. Raman spectra of CaMoO4, SrMoO4 and BaMoO4 

 
Fig. 3. FTIR spectra of CaMoO4, SrMoO4 and BaMoO4 

TEM images and SAED patterns of metal molybdates are shown in Fig 4. The 
products were composed of a number of round nanosized particles. Their average 
sizes were estimated from 500 particles seen on TEM images. Their distribution 
curves (Fig. 5) are narrow. The particle sizes are 20 ± 5 nm for CaMoO4, 21 ± 5 nm 
for SrMoO4, and 22 ± 5 nm for BaMoO4.  
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Fig. 4. TEM images and SAED patterns of: 
a) CaMoO4, b) SrMoO4 and c) BaMoO4 
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Narrow particle size distributions and homogeneous particles favour good lumi-
nescent properties [21]. The products contain less contaminations, or fewer dead lay-
ers on the phosphor surface [21]. SAED patterns show a number of bright spots: the 
brightness of some of them is continuous, whereas for others they are at random. The 
spots are so close that they form fully concentric rings. These indicate that the molyb-
dates consist of nanosized polycrystals with different orientations. Interplanar spaces 
were calculated from the diameters of the rings [22, 23], and compared with those of 
the JCPDS standard [10]. Crystallographic planes were indexed on the patterns. The 
products are specified as MMoO4 (M = Ca, Sr and Ba). 

 

 
Fig. 5. Particle size distribution curves of:  
a) CaMoO4, b) SrMoO4 and c) BaMoO4 

EDX analyses of CaMoO4, SrMoO4 and BaMoO4 (results not shown) revealed Ca 
peaks at 3.69 keV (Kα) and 4.01 keV (Kβ), Sr peaks at 1.81 keV (Lα), 14.14 keV (Kα) and 
15.84 keV (Kβ), and Ba peaks at 4.47 keV (Lα), 4.83 keV (Lβ1), and 5.16 keV (Lβ2). 
O peaks of the three molybdates were detected at 0.53 keV (Kα), and Mo peaks were de-
tected at 2.29 keV (Lα), 17.45 keV (Kα) and 19.61 keV (Kβ) [24]. Elemental analysis 
shows that the M:Mo:O atomic ratios are very close to those of the corresponding 
stoichiometric molybdates. Cu of copper grids and C layers were also detected. 

4. Conclusions 

Nanocrystalline compounds MMoO4 (M = Ca, Sr and Ba) were successfully syn-
thesized from M(NO3)2 and Na2MoO4 in propylene glycol, by applying cyclic micro-
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wave radiation. XRD, SAED and EDX analyses revealed the presence of nanocrystal-
line MMoO4 containing the corresponding alkaline earth metals, Mo and O. The prod-
ucts were composed of a number of round nanosized particles, according to TEM 
analysis. Their size distributions are very narrow. Six vibrations were detected using 
Raman spectroscopy. FTIR data revealed very strong Mo–O stretching vibrations in 
[MoO4]2– tetrahedrons, which were detected in the 783–955 cm–1 range. FTIR data 
also confirmed weak Mo–O bending at 422 cm–1. 
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