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morphology of the samples. The result shows the length and the width of a-MoOj; nanobelts
is about 6pm and 200 nm, respectively. The sensing properties towards various kinds of

gases were tested and the heater-type sensors coated with a-MoO; nanobelts showed

excellent performance towards xylene. The sensors achieved a response of 3 to 100 ppm

xylene at an operating temperature of 206 °C. The response and recovery time is 7 s and 87 s

respectively.

Introduction

Xylene mainly comes from chemical engineering materials
such as painting and adhesive in the indoor environment, even
microscale of xylene has tremendous damage to human being.
And careless oral of xylene can cause acute pneumonia and
cancer. So it is significant to detect and measure the existence
and content of xylene. Hitherto, various effective methods, such
as solid-state chemical technology', micro
fabricated preconcentrator’ technology, double-layered metal-
oxide thin film technology® have been used to detect xylene.
However, these methods have disadvantages of slow response
speed, bulky machine and danger to body, etc. Metal oxide
semiconductor demonstrates the advantages of low cost, facile
method, easy fabrication, fast response and recovery time.

Various materials such as Co;O4and In, Ni,Os;were used to
detect xylene and exhibited excellent preferment’ >, However,
they are not satisfactory in response time towards xylene. Thus
the improvement in response is urgently needed to detect
xylene.

a-MoO; has been investigated and applied in solar cell®’,
catalyst'®", capacitors'*'®, light-emitting diodes'” ¥, gas
sensors and optical detectors. In recent years,a-MoOshas been
one of the most newly-developing n-type metal oxide
semiconductors which can detect toxic gas. a-MoO; is an n-
type semiconductor with a wide band gap of 3.2 eV and has
been investigated for NO,", ethanol?’, TMAZ?!, H,S%,H,%, and
C,HsOH?** detection. However, there is no report for xylene
detection using a-MoOjnano structure until now.

One dimensional (1D) nanostructure oxide semiconductors
such as nanotubes, nanowires, nanofibers and nanobelts have
received much attention due to the high ratio of surface to
volume. Plenty of methods such as electrospinning, vapor-solid
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and hydrothermal synthesis were used to prepare 1D
nanostructure materials during the past decades. One-dimension
nano-products play an important role in gas sensing owing to
the advantages of high surface. High ratio of surface to volume
can achieve higher response comparing with that of low ratio.

In this study, optimum experiment condition of synthesizing a-
MoO; nanobelts was researched via a facile hydrothermal
method at a low temperature of 180 °C. The gas sensing
properties based on a-MoO; nanobelts materials were
investigated for detecting xylene. Heater-type sensors based on
a-MoOj; nanobelts performed excellent response as well as fast
response time to xylene at a low operating temperature of
206 °C which is lower than that of most other sensors' > 225,

Experimental
Synthesis of a-Mo0O; nanobelts

All of the chemical reagents are analytical grade and without
any further purification. In a typical experimental
procedure0.618g of ammo-nium heptamolybdate tetrahydrate
((NH4)sMo0,0,4-4H,0) was dissolved into 25 ml of deionized
water with continuous stirring to achieve aqueous solution(0.02
M). Then 2.5 ml of nitric acid (HNO3) was slowly dropwise-
added into the aqueous solution. After stirring, the solution was
transferred into a Teflon-lined stainless steel autoclave of 50 ml
capacity with hydrothermal treatment for 12/24/36/48 hat 120
°C and 12/24/36/48 h at 180 °C to explore the optimum
condition of the reaction, respectively. After the autoclaves
were cooled down to room temperature, white precipitation was
separated by centrifugation with deionized water and ethanol
for 5 times. Then the precipitation was dried at 60 °C for 12 h.
Finally the products were annealed at 300 °C for 2 h at the
speed of 1°C/min to obtain the light yellow a-MoO; nanobelts.
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Characterization

X-ray diffraction patterns were achieved to measure the phase
identification and the crystal sizes (Rigaku TTRIII X-ray
diffractometer with Cu Ka 1 radiation (A=1.5406 A) in the
range of 20-80°). The morphologies of the samples were
achieved by scanning electron microscopy (JEOL JSM-7500F
microscope operating at 15 kV).

Fabrication and measurement of gas sensors

Sensor devices were fabricated by the similar method in our
previous work® 2 The prepared products were mixed with
deionized water at a weight ratio of 1:4 and grinded for a while.
Then the specimens were coated on the surface of the ceramic
tube which was attached with a pair of parallel golden
electrodes using a small brush. The Ni-Cr alloy heating coil
was inserted through the ceramic tube. The structure of sensors
is showed in fig.1.

Ni-Cr heater

Y
/ Golden electrodes
- Sensing film

Ceramic tube

Fig. 1 structure of heater-type gas sensor after coating sensing film

The working temperature was measured by electric current
which were produced by CGS-8 Intelligent Gas Sensing
Analysis System(Beijing Elite Tech Co., Ltd., China). The test
gases were injected by micro injections from air bags. The
response of the gas sensors was expressed and measured as R,
(the resistance of the sensors in the air) /R, (the resistance of
the sensor in test gas). The response time is defined as the
period in which the resistance of sensors reach from 10 % to
90 % of the steady value when exposed to test gases, while the
recovery time is defined as the period in which the resistance of
sensors reach from 90 % to 10 % of the steady value after
exposed to oxygen.”’

Result and discussion

Materials characterizations

Fig.2(A-H) shows the morphologies of the samples which were
calcined at 300 °C for 2hafterhydrothermal treatment for
12/24/36/48 h at 180 °C and 12/24/36/48hat 120 °C,
respectively. As shown in Fig.2(E,F,G,H), the morphologies of
the samples were needle like with hydrothermal treatment
for12/24/36/48 h at 120°C. The morphologies in Fig.2(A,B,C,D)
show that nanobelts were achieved in hydrothermal treatment
for 12/24/36/48 h at 180 °C. Fig. 2(D) shows that the nanobelts
formed the phenomenon of agglomeration and the uniformity of
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the Fig.2(C) are better than Fig. 2(A, B), so the following
discussions are reference to hydrothermal treatment for 36 h at
180 °C. The width of the a-MoO; nanobelt was about 200 nm,
and the length was about 6pm.

Fig. 2 (A-H) SEM images of pure a-MoOj; nanostructure for 12/24/36/48 h at
180 °C and for 12/24/36/48 h at 120°C, respectively

The phase identification and the crystal sizes of the prepared
materials were investigated by X-Ray Diffraction. Fig.3 shows
the XRD patterns of the specimens which were calcined at 300
°C. The sample was assigned to pure a-MoO; (JCPDS 05-
0508) by verifying the patterns of the sample.
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Fig. 3 XRD patterns of purea-MoO; nanostructure after calcination for 2 h at
300°C

Gas sensing properties
The sensors which were coated with a-MoQOj3 nanobelts had a

good performance on xylene. In order to find the optimum
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temperature of the sensors, the responses of the sensors to 100
ppm xylene at different temperatures were collected. As
showed in Fig.4, the response increased along with the working
temperature from 136 °C to 206 °C. It was obvious that the
temperature improved the chemical reaction between sensors
and test gas because it increased the speed of molecule
vibration. However, further increase in temperature resulted in
the response of the sensors decreasing. The reason illustrated in
Fig.5 shows that chemical reaction between xylene and a-MoO;
nanobelts was so fast that the penetration was less relative to
the whole sensing film. Thus, the response of the sensor
decreased along with temperature. Therefore, the response
reached maximum value of 3 when temperature was 206 °C.
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Fig. 4 response of sensors based ona-MoOsnanobelts to 100 ppm xylene at
different temperature
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Fig. 5 illustration of optimum temperature of sensors based on a-MoO;
nanobelts

@

Fig.6 shows the response of the sensors towards different
concentrations of the test gas (xylene) at 206 °C. The response
increased nearly linearly with the concentration of xylene at the
range of 5 to 100 ppm and came to saturation when the
concentration is over 1000 ppm. Significantly, the response of
the sensor could reach 1.89 towards xylene at 5 ppm.
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Fig. 6 response of sensors based on a-MoO; nanobelts at 206 °C versus
concentration of xylene

Selectivity is an important property of gas sensors in the
practical application. The responses of the sensors towards
different test gases such as methylbenzene, formaldehyde and
carbon monoxide were showed in Fig.7. The gases were tested
at 206 °C with a concentration of 100 ppm similarly. The result
shows that the response of the sensors based on a-MoO;
nanobelts to 100 ppm of xylene could reach 3 and to other test
gases were less than 1.6. The sensors also showed a low
response towards other tested gases at different temperature
including toluene. Therefore, a-MoOj; has a good selectivity to
xylene. However, it is still difficult for us to distinguish the three
forms of xylene(o,m,p) at present because of their similar chemical
properties.
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Fig. 7 response of sensors based on a-MoOj; nanobelts at 206 °C towards
various test gases

Rapid response and recovery time are significant parameters in
designing oxide semiconductor gas sensors. Fig.8 shows the
response and recovery characters of the sensors towards xylene
from 20 ppm to 100 ppm at 206 °C. The figure indicated that
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the resistance of the sensors decreased rapidly at first and then
changed slowly due to the reaction slowed down gradually
when the sensors were transferred from air to xylene. The
resistance of the sensors resumed slowly when sensors were
exposed to the air. The time of response and recovery were 7 s
and 87 s, respectively. The fast response may be due to high
ratio of surface to volume of 1D nanostructure.
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Fig. 8 response to different concentration of xylene for a-MoOs; nanobelts at
206 °C

Sensing mechanism ofa-MoQO;nanobelts to xylene

As a n-type semiconductor, the sensing performance of a-MoO;
nanobelts maybe related to the mechanism of adsorption and
desorption process of gas molecules on the surface of the oxide
because of crystal structure?®. As shown in Fig. 9, the formation
of defects in a-MoO; nanobelts is as following: The oxygen is
attached on the a-MoOj; nanobelts when the sensor is exposed
in air. The oxygen captures electrons from a-MoO; nanobelts
and transforms into O'(420K-670K), O*(above 670K), and O,
(below 420K) on the surface of sensing layer which would lead
the holes spread all over the surface of a-MoO; nanobelts and
the resistance increasing®. When the a-MoOs nanobelts are
transformed to the test gas (xylene), the interaction between
xylene and the adsorbed oxygen ions can be explained as
following:

CgHyo + 210" —8CO, + 5H,0 + 21e° (420 K-670 K) (1)

CgHyo + 21 07 —8CO, + SH,0 + 42 e'(above 670 K) (2)
2CgH,; o + 21 0, —16CO, + 10H,0 + 21e'(below 420 K) (3)
¢ + h°—Null (4)

Because the optimum temperature of the sensors based on a-
MoOj; nanobelts is 206°C(479 K), the reaction including O’as
shown in equation (1) was the dominative form in the process.
Oxygen ion would release CO, and electrons when the reaction
processing. These electrons neutralize the holes in the a-MoO;
nanobelts and cause the decreasing of the resistance of the
sensors. The excellent sensing performance makes a-MoO;
nanobelts a newly potential candidate for the detection of
xylene.
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Fig. 9 illustration of sensors based on a-MoOj; nanobelts sensing performance
for xylene

The fast response of the sensors based on a-MoO; nanobelts
materials could be attributed to the 1D nanostructure. The ratio of
length and width of a-MoQOj; nanobelts could reach as high as 30/1
and the nanobelts were pretty thin, which leads the adsorption and
desorption of O, and xylene faster at the surface of the sensing layer.
Consequently, reaction occurred at sensing surface will be greatly
accelerated, which results in faster response of the sensors based on
a-MoQOj; nanobelts.

Conclusions

In conclusion, the optimum condition of synthesizing a-MoOj;
nanobelts was explored successfully by hydro-thermal method. The
a-MoO; nanobelts were homogeneous and thin with width of 200
nm and length of 6 pum. Sensors based on a-MoOs; nanobelts
exhibited a fast response of 7 s and recovery time of 87 s. The
sensors showed a high response for xylene at a low operating
temperature of 206 °C. The result shows that a-MoO; nanostructure
is a potential candidate for xylene gas sensing.
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