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ABSTRACT

Received:

Molybdenium oxide nanoparticles were prepared by simple sol gel method using
aliquat HTA-1 as surfactant for ammonia gas sensing. As synthesized sensor give
good sensitivity and very good response. The synthesized MoO3 nanoparticles were
characterized by using UV-Visible, XRD, SEM-EDS and TEM analysis techniques. TEM
micrograph confirms the particle size is about 25 nm with layered structure. The
particle size distribution shows the narrow size distubution which are well matches with
calculated from XRD.
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Introduction
Last several years much effort has been devoted to the study
of molybdenum oxides and its related compound. Molybdenum
oxide nanomaterials have attractive catalytic, photochromic and
electronic properties, and a lot of potential applications in the
areas of electrochemistry and sensing devices [1-5]. Molybdenum
is a metal with a wide range of oxidation states from +2 to +7
existing in a variety of oxides. Molybdenum oxide is a potential
material because of its wide range of stoichiometry and interesting
behaviour which includes structural, chemical, electrical and
optical, properties [6-9]. It exhibits a unique layer structure,
which permits ion intercalation/deintercalation. Their properties
strongly change as a function of oxygen vacancy concentration
& nonstoichiometry. As a wide band gap n type semiconducting
materials, MoO3 has received considerable attention in many
technological applications such as erasable optical storage media,
optical switching coatings and high density memory devices, gas
& chemical sensors catalysis, energy efficient window technology,

photochromic & electrochromic devices [10-12].To date,
molybdenum oxide nanomaterials were mainly synthesized by
hydrothermal route ultrasonic, solvothermal and chemical vapour
deposition methods [13-16]. However, in these processes, it took
a long time to synthesize molybdenum oxide nanomaterials or
the synthesis process required a high temperature. However, the
reproducible preparation of small, stable MnO3 nanoparticles with
tight size distribution is of immense importance and still remains a
challenging task. Here in we report a simple route for the synthesis
of MoO3 nanoparticles and its application for ammonia gas sensing.

Experimental

Materials and General Methods
Sodium molybadate, aliquat HTA-1 and ammonium hydroxide,
Hydrochloric acid was purchased from Sigma Aldrich and used as
received. The as prepared molybdenum oxide were characterized
by UV-Visible, XRD, TEM, EDS techniques. The UV-Visible spectrum
was recorded on spectrophotometer [JASCO 503]. The X-ray
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powder diffraction patterns were recorded on Bruker 8D advanced
X-ray diffractometer using CuKα radiation of wavelength = 1.54056
Å. TEM analysis was carried out with JEM 2000EXII /JEOL Ltd.
(JAPAN) operated at 200kv. In a typical procedure, 2 g of sodium
molybdate was dissolved in 50 ml of distilled water in a 250 ml
beaker to it add diluted solution of 2 ml Aliquat HTA-1. Then to the
above solution 5 ml of hydrochloric acid was added drop wise with
constant stirring for about 1 hours then adjust the temp at about
80oC for 1-2 h. Then the final products Molybdenium oxide was
obtained by heating above precipitate at 400oC for 4 hours. After the
completion of the reaction, we get black colored powder of MoO3
nanoparticles in quantitative yield. The yield of MoO3 nanoparticles
is about 86 % which is quite good.

Results and Discussion

Synthesis and Characterization

Figure 1: XRD of as-prepared MnO3 nanoparticles.
The as synthesized MoO3 nanoparticles was subjected to powder
x-ray diffraction analysis. A Cu k-alpha (1.54 Ao) radiation was used
with 2 Ɵ ranging from 6-90o. The X- ray diffraction pattern shown
in Figure 1 explains the crystal structure and phase composition of
MoO3 nanoparticles. The sharp diffraction peaks suggest crystalline
nature of nanomaterials. The Figure 2 shows that the XRD peaks
were observed at 10, 13.66, 24.82, 32.01, 45.72, 56.78, 66.48, 75.54,
84.22. The XRD analysis confirmed that the obtained product was
MoO3 nanoparticles. The size and morphology of product were
examined by transmission electron microscope (TEM). The TEM
micrograph reveals that the size distribution of the nanoparticles
was uniform. The size of the MoO3 nanoparticles was ranging from
20-25 nm. The morphological studies revealed that layered MoO3
is formed. Energy dispersive X-ray spectra were also recorded to
determine the chemical composition of MoO3 nanoparticles. The
uniform distribution and composition of the MoO3 nanoparticles
was evaluated by energy dispersive X-ray spectroscopy. From EDS
spectra one can obviously see that the signals of O and Mo elements
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appear in the EDX spectra, which further substantiates that the
nanoparticles are composed of molybdenum oxide. The atomic ratio
of Mo to O was measured to be 1:3, corresponding to the chemical
composition of MoO3. The existence of MoO3 was also confirmed
by the mapping of Mo and O signals. EDS mapping confirms the
presence of Mo and oxygen in micrograph. The UV-visible spectrum
of as synthesized MoO3 nanoparticles was recorded. The absorption
spectrum exhibit the maximum absorption λmax at 398 nm. The
prominent peak observed at 398 nm is due to absorption of surface
plasmones. Particle size distribution studies have been carried out
by dynamic light scattering techniques (DLS) via Laser input energy
of 632 nm. This is shown in Figure 3. It was observed that MoO3
Nanoparticles have narrow size distribution within the range of
about 20-32 nm [17-20].

Figure 2: TEM images of as-prepared MnO3 nanoparticles.

Figure 3: Particle size distribution of as prepared MnO3
Nanoparticles
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Gas Sensing Property
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amount of target gas is mixed in air and injected to the measuring
cell at a flow rate of 1000 cc per minute of air, which is a carrier gas.
A previous stabilization treatment is performed to reach a stable
conductance value before making the test. Ammonia gas was used
for the gas sensitivity measurements. For characterization of gas
sensing properties the sensor element were placed in a 1000 cc, in
a temperature controlled gas chamber. A typical gas measurements
sequence containing predetermined intervals, in which the
sensors were exposed to gas atmospheres. After completion of one
sequence, the sensors and measurement cycle was repeated. The
resistance response of each sensor structure was transformed into
a sensitivity value using commonly used formula for the gases as
given as

S =

Figure 4: Effect of Gas concentration on the sensitivity of
MoO3 Pellet (a) and response time (b).
The ammonia gas sensing studies of as synthesized MoO3
nanoparticles have been carried out and the result is shown in
Figure 4. The gas sensitivity was measured at various temperatures
in the range of 100oC to 400oC. Figure 4a shows that 3 to 6 mole
% shows very good sensitivity and response time. The as prepared
MoO3 was mixed with PVA (2 %) as binder and then pressed into
pellets of 1.67 cm diameter and 0.12-0.25 cm thicknesses under
the pressure of 10 tons. These pellets were heated in air at 600ºC
to remove adhesive. The gas sensitivity sensors were fabricated by
pressing the MoO3 nanoparticles into an accurate weight and then
a pellet of 10 mm in diameter and 1mm in thickness is formed.
The wire embedded as an electrode for sensing the Gas was used
and the sensors were mounted into a specially designed Quartz
cell. When the sensor absorbs the gas, the redox reaction takes
place and it changes the resistance. The reducing gas used in the
present study is ammonia. The concentration of ammonia gas was
controlled by adjusting the flow rate ratios of target gases to dry
air. The sensitivity of the sensors is expressed as the ratio of the
air resistance to gas resistance. i.e. = R air / R gas was measured in
the temperature range of 200ºC to 350ºC in a dynamic flow system.
The measurements were performed inside a closed chamber at
different temperatures. Gas mixtures were obtained by means of
mass flow controllers and driven into the test chamber. A known

( R air

– R gas ) / R air

Where R gas is sensors resistance influenced by the ammonia
gas and R air is the Resistance in the air showing the dynamic
response of MoO3 pellet 100% gas sensors to 1000 ppm ammonia
measured at room temperature. The gas sensitivity of MoO3 pellets
treated at 700ºC to 800ºC exhibit the highest linear decrease of the
resistivity with gas concentration. The reaction time is about 20 sec
to 30 sec for sample with MoO3 100% sample gas sensor at room
temperature. The relative resistivity of the as syntheiszed sensor
becomes stable after 20-255 ammonia exposures.

Conclusion

In conclusion, The MoO3 nanoparticles of narrow size
distribution was synthesized and characterized successfully. XRD
pattern showed that phase pure MoO3 nanoparticles are formed.
TEM study showed that the particle size of MoO3 nanoparticles is
about 25 nm. The advantages of this method are simplicity of the
process, short duration, energy saving, accessible for auxiliary
materials, non-sophisticated equipment and structures with high
efficiency. The experimental results confirm that gas sensor based
on MnO3 pellets sensitive layer are of great interest for gas detection.
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