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• Molybdenum oxide (MoO3) 
nanoparticles were synthe-
sized via microwave-assisted 
method.

• The synthesized nanoparticles 
were spherical with an aver-
age size of about 50 nm.

• Conventional heating and mi-
crowave irradiation were com-
pared for MoO3 synthesis.

• The particles synthesized 
via microwave heating were 
smaller and more stable.

This paper focused on a simple approach for synthesis of molybdenum oxide (MoO3) 
nanoparticles and reports a facile route for synthesis of such nanoparticles, using 
microwave irradiation as a homogenous and powerful source of heating, using eth-
ylene glycol as the solvent and heating medium. For more investigations, besides 
microwave heating, the obtained solutions were also treated by conventional heating.  
Finally, product particles were characterized and compared using scanning electron 
microscopy (SEM) and energy dispersive X-ray microanalysis (EDX). According to 
the results, microwave irradiated particles showed a good dispersion and stability in 
relation to the other sample. So, the obtained product was subjected to X-ray diffrac-
tion (XRD) analysis to survey the formation of MoO3 nanoparticles. The transmis-
sion electron microscope (TEM) micrographs were also recorded to study the size 
and morphology of the nanoparticles. According to the results, nanoparticles were 
spherical with an average size of about 50 nm. The absorbance spectrum of MoO3 
nanoparticles was further studied using the UV-vis spectroscopy and the absorbance 
peak was observed at 257 nm. 
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1. Introduction

In recent years, transition metal nanoparticles have 
been paid remarkable attention because of their po-
tential applications in various fields such as catalysis 
[1], magnetic [2], optic [3] and etc. Many techniques 
have been developed for the synthesis of catalytic me-
tallic materials using different reducers and stabilizers 
including thermal decomposition of organometallic 
compounds [4], metal evaporation [5] and sonochemi-
cal decomposition of metal compounds [6] and so on. 
It is well-known that molybdenum oxide nanoparticles 
are remarkable catalysts possessing various applica-
tions [7]. In this way, different structures of molyb-
denum oxide nanoparticles have been synthesized via 
various methods. For example Li and Ell-Shall [8] 
prepared MoO3 nanoparticles by a vaporization-con-
trolled condensation (LVCC) technique. Jia et al. [9] 
also reported on the mechanism of molybdenum and 
molybdenum oxide nanoparticles formation from 
molybdenum oxide microparticles using the electron 
beam irradiation technique. Bilecka et al. [10] report-
ed on synthesis of MoOx nanoparticle using micro-
wave-assisted sol-gel synthesis procedure. Lee et al. 
[11] examined on the synthesis of low-temperature 
solution-processed molybdenum oxide nanoparticle 
layers for organic photovoltaic devices.  Kanneganti et 
al. [12] reported on a sustainable approach for synthe-
sis of MoO3 nanoparticles using citrus limetta. Jadhav 
et al [13] reported on a microwave-assisted method for 
synthesis of octahydroquinazolinone derivatives using 
molybdenum oxide nanoparticles as effective catalyst. 
So, reviewing on literature, we found that application 
of microwave heating in combination with an appro-
priate polyol as the heating medium is nowadays so 
widespread for preparation of nano-sized catalysts [14, 
15]. In this method, some alcohols such as ethylene 
glycol are used for either reduction or stabilization of 
metal submicrometer particles. But, because of the 
slow rate of reaction there is a need to apply specific 
situations like high temperature and pressure. Schol-
ars have proposed that the use of microwave radiation 
can effectively facilitate the use of polyol method for 
preparation of metal nanoparticles. This approach was 
firstly applied by Komarneni et al. [16]. In this study 
we tried to improve the rate of the reaction by add-
ing appropriate amount of hydrazinium hydroxide to 
molybdenum salt solution (in ethylene glycol), and 
applied microwave irradiation for homogenous nu-
cleation and growth of nanoparticles in desired time. 

2. Experimental 

2.1. Materials 

All the reagents were obtained from Merck (Darm-
stadt). Ethylene glycol (EG), Hydrazinium hy-
droxide (N2H4.H2O, 100%) and Molybdatophos-
phoric acid hydrate (H3PMo12O40). All the reagents 
were of the highest commercially available purity.

2.2. Apparatus 

The XRD patterns of the products were recorded 
with a Philips X’Pert MPD X-ray Diffractometer (us-
ing Cu Kα λ=1.78897Å radiation). The transmission 
electron micrographs (TEM) were imaged on a Ziess 
W. Germany 900 EM microscope, using an 80 kV ac-
celerating voltage. Samples for TEM were prepared by 
placing a drop of the sample suspension on a copper 
grid coated with a carbon film. The grid was then air-
dried. SEM images were recorded by an AL30 Philips 
instrument using a 17 kV accelerating voltage. For 
EDX, the attached function was linked to the scanning 
electron microscope (SEM). The samples for SEM and 
EDX analysis were prepared by placing a little amount 
of precipitated nanoparticles on a glass plate. It is to 
be noted that placing the sample on a glass plate has 
resulted in appearance of peaks corresponding to glass 
components the spectrum. The UV-vis spectra were 
recorded with samples in 1 cm3 quartz cells using a 
Varian Carry 100 (UV-vis) Spectrophotometer in the 
spectral range of 190–1100 nm. The microwave-assist-
ed reactions were carried out in a Panasonic MX21WF 
Spectra-900 W domestic microwave oven, with a 2.45 
GHz working frequency.

2.3. Synthesis of molybdenum oxide nanoparticles
 
For synthesis of molybdenum oxide nanoparticles 

and investigation on effects of synthesis condition, 
two separated samples (here mentioned S1 and S2) 
were prepared simultaneously by dissolving calculat-
ed amount of H3PMo12O40 in 50 ml EG under stirring 
and gradual addition of some droplets of PVP solution 
and hydrazinum hydroxide. Then, S1 was irradiated 
at 100˚C for about 50 seconds while S2 was treated 
by conventional heating at 100˚C for about one hour. 
In this way, formation of brownish colloidal solution 
in both samples was considered as the end point of 
the reaction. In the next step, obtained products were 
calcinied in the furnace at 500˚C for about 2 hours. 
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3. Results and discussion

As mentioned above, formation of brownish colloi-
dal particles was considered as the end of the reaction 
in this work. This phenomenon was also reported by 
Lee et al. [11] and Kanneganti et al [12]. Also, obtained 
products were subjected to SEM and EDX analysis 
for comparison of structures and selected sample was 
also characterized by XRD, UV-vis spectroscopy and 
TEM micrographs. As shown in Figs. 1 and 2, sam-
ple prepared under microwave irradiation (S1) showed 
more homogeneity and narrower size distribution in 
comparison with the sample prepared by conventional 
heating (S2). 

 

Also, obviously the average particle size of S1 (about 
53 nm) was so sharper than S2 (about 300 nm), while 
EDX analysis shown in Figs. 3 and 4, confirmed the 
existence of molybdenum element in both samples. In 
addition, it should be mentioned that it was directly 
observed that stability of S1 was superior to S2, so that 
S1 was stable for weeks, while stability of S2 was less 
than one day. This fact can represent the positive effect 
of microwave heating (a homogenous and powerful 
heating during a short period of time) in the synthesis 
of homogenous nanoparticles with a narrower size dis-
tribution compared to conventional methods as report-
ed in literature [14]. 

 

Fig. 1. SEM image of sample S1, prepared under microwave irradiation.

Fig. 2. SEM image of sample S2, prepared by conventional heating.
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Fig. 3. EDX spectrum of sample S1, prepared under microwave irradiation.

Fig. 4. EDX spectrum of sample S2, prepared by conventional heating.
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say that microwave homogenous heating was ab-
sorbed by ethylene glycol medium (possessing high 
absorption factor), improved the nucleation and growth 
process and also controlled the particles growth rate 
so that particles size was limited in nanometer scale.  
While in conventional heating, all parts of solution 
were not heated simultaneously and homogenously. 

Fig. 5 shows a typical XRD pattern of the sample 
prepared under microwave irradiation. Similar to what 
Chibane et al. [17] have reported, comparison of the 
prominent peak positions (2θ-values) of the XRD 
spectra with the ASTM data file for MoO3 (file no. 
00-035-0609) revealed that the product was mainly 
composed of MoO3 nanoparticles crystallized in or-
thorhombic system. Also JCPDS software analysis 
confirmed that the obtained product was orthorhombic 
MoO3 nanoparticles. 

 

 
Fig. 5. XRD pattern of molybdenum oxide nanoparticles prepared under microwave irradiation.

Fig. 6. UV-vis spectrum of molybdenum oxide nanoparticles prepared under microwave irradiation.
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In addition, using Debye–Sherrer method, the crys-
tallite size was determined to be about 55 nm. In addi-
tion a weak peak appeared at 2θ = 18.45˚ correspond-
ed to molybdenum dioxide nanoparticles, which was 
negligible compared to obvious molybdenum oxide 
particles peaks. For more investigations, spectrum of 
MoO3 nanoparticles in sample S1 was studied using 
UV-vis spectroscopy. Obviously, as shown in Fig. 6, 
a broad peak at 257 nm represented the spectrum of 
molybdenum oxide (MoO3) nanoparticles that was 
similarly reported by Kanneganti et al. [12]. Further-
more, as shown in Figs.7 and 8, TEM micrographs of 
S1 revealed that size distribution  of the nanoparticles 
(shown in 50 nm and 100 nm scales) was homogenous 
and nanoparticles were almost spherical in shape with 
an average diameter of about 50 nm, comparable with 
the SEM results shown in Fig. 1. 

 

Fig. 7. TEM micrograph of molybdenum oxide nanoparticles 
prepared under microwave irradiation at 50 nm scale.

 

Fig. 8. TEM micrograph of molybdenum oxide nanoparticles pre-
pared under microwave irradiation at 100 nm scale.

   4. Conclusions

Molybdenum oxide nanoparticles were prepared in 
this study using conventional heating and microwave 
irradiation as heating sources to compare the final 
product based on particle size and also stability. Ac-
cording to the SEM analysis results particles prepared 
under microwave irradiation were nano-sized with 
a good dispersion and stability in colloidal solution, 
while particles synthesized via conventional heating 
were unstable with larger diameters. Moreover, the 
sample prepared under microwave heating (S1) was 
mostly composed of molybdenum oxide nanoparticles 
with average size of about 50 nm which was confirmed 
by SEM, TEM and XRD techniques. 

 Acknowledgment

The financial support from the Iranian Nanotechnol-
ogy Initiative Council is greatly appreciated.



F. Tari  et al.  / Journal of Particle Science and Technology (2015) 121-127                                                                                      127

References

[1] R. Narayanan, M. A. El-Sayed, Catalysis with Tran-
sition Metal Nanoparticles in Colloidal Solution:  
Nanoparticle Shape Dependence and Stability, J. Phys. 
Chem. B 109 (2005) 12663–12676.

[2] C. B. Murray, S. Sun, H. Doyle, T. Betley, Mono-
disperse 3d transition-metal (Co, Ni, Fe) nanoparticles 
and their assembly into nanoparticle superlattices, 
MRS Bull. 26 (2001) 985-991.

[3] Y. Sun, N. C. Harris, C. H. Kiang, Phase transition 
and optical properties of DNA–Gold nanoparticle as-
semblies, Plasmonics 2 (2007) 193–199.

[4] A. S. Lisitsyn, A. V. Golovin, A. L. Chuvilin, V. L. 
Kuznetsov, A. V. Romanenko, A. F. Danilyuk, Y. I. 
Yermakov, Thermal decomposition of metal carbonyls 
on oxide supports containing surface hydrides: A route 
to highly dispersed metal catalysts with unusual prop-
erties, Appl. Catal. 55 (1989) 235-258.

[5] A. I. Korchagin, N. K. Kuksanov, A. V. Lavrukhin, 
S. N. Fadeev, R. A. Salimov, S. P. Bardakhanov, V. B. 
Goncharov,  A. P. Suknev, E. A. Paukshtis, T. V. Lar-
ina, V. I. Zaikovskii, S.V. Bogdanov, B. S. Bal’zhini-
maev, Production of silver nano-powders by electron 
beam evaporation, 7th International Conference on 
Electron Beam Technologies, 77 (2005) 485-491. 

[6] M. M. Mdleleni, T. Hyeon, K. S. Suslick, Sonochem-
ical synthesis of nanostructured   molybdenum sulfide, 
J. Am. Chem. Soc. 120 (1998) 6189-6190.

[7] L. X. Song, M. Wang, S. Z. Pn, J. Yang, J. Chen, J. 
Yang, Molybdenum Oxide nanoparticles: Preparation, 
Characterization and Application in Heterogeneous 
Catalysis, J. Mater. Chem. 21 (2011) 7982-7989.

[8] S. Li, M. S. El-Shall, Synthesis and characterization 
of photochromic molybdenum and tungsten oxide 
nanoparticles, Nanostruct. mater. 12 (1999) 215-219.

[9] H. Jia, B. Xu, Y. Fan, R. Guo, S. Tanaka, Formation 
mechanism of molybdenum and molybdenum oxide 
nanoparticles by electron irradiation, Mat. Res. Soc. 
Symp. Proc. 676 (2001) 341-344. 

[10] I. Bilecka, I. Djerdj, M. Niederberger, One-minute 
synthesis of crystalline binary and ternary metal oxide 
nanoparticles, Chem. Commun. 13 (2008) 886-888.

[11] Y. J. Lee, J. Yi, G. F. Gao, H. Koerner, K. Park, J. 
Wang, K. Luo, R. A. Vaia, J. W. P. Hsu, Low-tempera-
ture solution-processed molybdenum oxide nanoparti-
cle hole transport layers for organic photovoltaic de-
vices, Adv. Energy Mater. 2 (2012) 1193-1197. 

[12] A. Kanneganti, C. Manasa, P. Doddapaneni, A sus-
tainable approach towards synthesis of MoO3 nanopar-
ticles using citrus limetta pith extract. Int. J. Eng. Adv. 
Technol. 3 (2014) 128-130.

[13] S. Jadhav, L. P. Anandgaonker, G. Kulkarni, S. T. 
Gaikwad, A. S. Rajbhoj,. Microwave-assisted one-pot 
synthesis of octahydroquinazolinone derivatives using 
molybdenum oxide nanoparticles in solvent-free con-
dition, J. Clust. Sci. 25 (2014) 1389-1393.

[14] N. N. Dahal, S. Garcia, J. Zhou, S. M. Humphrey, 
Beneficial effects of microwave-assisted heating ver-
sus conventional heating in noble metal nanoparticle 
synthesis, ACS Nano, 6 (2012) 9433-9446.

[15] M. T. Soltani, A. Djouama, A. Boutarefala, M. Pou-
lain, 2009. New heavy metal oxide glasses based on 
Sb2O3, J. Optoelectron. Adv. Mater. 1 (2009) 339-342.

[16] S. Komarneni, Novel microwave–hydrothermal pro-
cessing for materials synthesis leads to energy savings, 
Ionics 21 (1995) 95–98.

[17] L. Chibane, M. S. Belkaid, M. Pasquinelli, H. Der-
bal-Habak, J. J. Simon, D. Hocine, Development of 
molybdenum oxide (MoO3) by spin coating method 
for photovoltaic application, Mat. Sci. Eng. B 3 (2013) 
418-422.




