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ABSTRACT

Molybdenum oxide (MoO,) is a wide bandgap semiconductor which can be used as a
gas sensor. In this work, molybdenum oxide nanowhiskers were prepared by vapor transport
method. First, molybdenum oxide powder were mixed with tin oxide (SnO,) powder of the
ratio of 0%, 20%, 50%, 80% and 100 % by weight. The mixed powder was grounded and
pressed into the form of cylindrical tube. Then, the tube was sintered in air at 550°C for 6 h.
From Field Emission Scanning Electron Microscopy (FE-SEM) results, nanowhiskers of
molybdenum oxide were observed both inside and outside the tube for 50% SnO, mixed
sample. A typical nanowhisker size is about 100-300 nm wide, 5-20 4 m long and 80-150
nm thick. For 20% and 80% SnO, mixed sample, nanowhiskers were observed only inside the

tube but none of nanowhiskers were observed for pure MoO, and pure SnO, sample.
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1. INTRODUCTION

MoO,, a wide bandgap semiconductor
(energy gap = 3.2 eV), is considered to be an
alternative oxide semiconductor for gas sensor
applications. The commonly used semiconduc-
tors for gas sensor such as ZnO and SnO,
have some disadvantages due to their lack of
selectivity [1-3]. The gas sensors made from
MoO, thin films have been intensively studied
and the gas sensing properties of these gas
sensors toward various gases such as NOZ,
CO, NO [1-6] have been investigated in order
to search for better performance gas sensors.
However, MoO, in the form of whiskers or
nanobelts is expected to have better perfor-
mance due to its high surface-to-volume-ratio
[1-2,6-8]. Thus, preparation of MoO, whiskers
or nanobelts is of great interest.

The fabrication of MoO, whiskers and
MoO, nanobelts can be prepared using several

techniques. For example, H. C. Zeng and co-
workers have prepared molybdenum trioxide
platelet-crystals (whiskers) from MoO,
powder by vapor phase growth [9]. S.
Choopun and co-workers have grown MoO,

whiskers by vapor transport method [1] and
X.— L. Li and co-workers have grown MoO,

nanobelts by solution method. [10].

In this work, we report the preparation
of MoO, nanowhiskers by a simple vapor
transport method.

2. MATERIALS AND METHODS

MoO, (99.9% purity Fluka chemical)
powder was mixed with O(pure MoO,), 20,
50, 80 and 100(pure SnO,) wt% of SnO,
(99.9% purity Fluka chemical) powder. It was
grounded and pressed into a form of
cylindrical tube (radius: r. .. =0.56 mm, r

inside outside

= 0.75 mm and length = 3 mm) using a load
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of about 2.5 tons. Then, the tube was sintered
in air at 600 °C for 6 h. The morphology and
composition of the tubes were investigated
by Field Emission Scanning Electron
Microscopy (FE-SEM).

3. RESULTS AND DISCUSSION

The FE-SEM images of the inside tube
of mixed sample with the MoO, and SnO,
ratio of 0-100% are shown in Figure 1. The
nanowhiskers can be clearly observed in the
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samples. Composing of 20, 50 and 80 wt%
S$n0,. For pure MoO,, plate-like micro-
structures with the plate size of 1-2 micro-
meter have been observed. For pure SnO,,
none of nanowhiskers has been observed.
"The obtained nanowhiskers lic both along the
surface and out of the surface. It looks like
the number of nanowhiskers depends on the
content of MoQ,. By increasing the amount
of MoO,, the number of nanowhiskers
increased. This indicates that the quantity of

Figure 1.FE-SEM images of the inside tube of mixed sample with the MoO, and Sn0O,
ratio of (a) pute MoQ,, (b) 20%, (c) 50%, (d) 80%, and (¢) pure SnO,.
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MoQ), plays an important role for the growth
of nanowhiskers. However, the reason for this
effect is still unclear and it is an ongoing
research.

An FE-SEM image of 50 wt% SnO,
sample at magnification of 30000x is shown
in Figure 2 (a). It can be cleatly seen that the
nanowhiskers have a belt-like structure. Figure
2 (b) shows an FE-SEM image of the same
sample at the edge with magnification of
2500x. The obtained nanowhiskers are straight
and have some particles on the surface.

At outside tube, we can observe the
nanowhiskers for only the 50% SnO, sample
as shown in Figure 3 (a). The typical
morphology of other mixed samples is shown
in Figure 3 (b) which indicates that there is no
nanowhisker formed.
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The sizes of nanowhiskers observed at
inside and outside of the tube were
summarized in Table 1.The dash means no
nanowhisker has been observed. Cleatly, the
size of nanowhiskers has some relation with
the ratio of MoO,. For 50% SnO, sample,
the obtained nanowhiskers have the smallest
size (100-330 nm wide, 80-150 nm thick and
5-14 U m long). It is still under investigation
to find out why this sample has smallest
nanowhiskers. Comparing with other reports,
the obtained nanowhiskers in this work have
the size in between the size of typical whiskers
and nanobelts.

4. CONCLUSIONS
In conclusion, the MoO, nanowhiskers
can be prepared by simple method of vapor

Figure 2. TE-SEM images of the outside tube of mixed sample with the MoO, and $nO,

ratio of 50:50 (a) 30000x (b) 2500x.

Figure 3. FE-SEM images of the outside tube of mixed sample with the MoO, and SnO,

content of (a) 50% and (b) 20%.
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Table 1. Size of nanowhiskers observed at inside and outside the tube of mixed sample with

the MoO3 and SnO, ratio of 0-100%.

Material Inside i e ek Ronk
(nm) (nm) (pm)

MoQ3 — 20%SnO» nanowhisker - 370-1388  259-314 6-12
MoOj3 - 50%Sn0; nanowhisker = nanowhisker  100-330 80-150 5-14
MoQ; — 80%Sn0; nanowhisker - 250-370 100-148 5-20
MoQOs3 - - 760-2530  250-630 3-7
SnO» = =
MoO; whisker[1] - - (1-1.5)x105  (3-15)x10% (2-50)x10%
MoQOj; nanobelts[11] - - 50-300 10-60 2-4

transport method. The nanowhiskers of
MoO, were observed both inside and outside
the tube for 50% mixed sample with the
smallest size (100-330 nm wide, 80-150 nm
thick and 5-14 4 m long). For 20% and 80%
mixed sample, nanowhiskers were observed
only inside the tube. None of nanowhiskers
were observed for 0% and 100% mixed
sample. Comparing with other reports, the
obtained nanowhiskers in this work have the
size in between the size of whisker and
nanobelts. The obtained MoO, nanowhiskers
may be applicable for an ethanol gas sensor.
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