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ABSTRACT: In the paper, we developed an in situ diffusion
growth method to fabricate porous Fe,(MoO,); nanorods. The
average diameter and the length of the porous nanorods were
200 nm and 1.2—4 pm, respectively. Moreover, many micropores
existed along axial direction of the Fe,(MoO,); nanorods. In terms
of nitrogen adsorption—desorption isotherms, calculated pore size
was in the range of 4—115 nm, agreeing well with the transmission
electron microscope observations. Because of the uniquely porous
characteristics and catalytic ability at low temperatures, the porous
Fe,(MoO,); nanorods exhibited very good H,S sensing properties,
including high sensitivity at a low working temperature (80 °C),
relatively fast response and recovery times, good selectivity, and
long-term stability. Thus, the porous Fe,(MoO,); nanorods are
very promising for the fabrication of high-performance H,S gas

Fe(OHy@o-MoOs
nanostructures

nanorods

sensors. Furthermore, the strategy presented here could be expended as a general method to synthesize other hollow/porous-type
transition metal molybdate nanostructures by rational designation in nanoscale.
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1. INTRODUCTION

Iron molybdate (Fe,(MoO,);), as an important functional material,
has been demonstrated to possess properties useful for applications
in gas sensing, methanol and propene oxidation, and magnetic
devices."'® Therefore, in the past few years, several approaches
including solid-state reactions, coprecipitation, and sol—gel methods
have been developed to fabricate Fe,(MoO,); powder. Much work
before mainly focused on the control of the Mo/Fe ratio be-
cause it has important effect on the catalytic activity of Fe,(MoO,);;
however, to the best of our knowledge, the control of the mor-
phology of the material is rarely reported.”>' Among various
morphologies, the porous or hollow nanostructures may exhibit
better physicochemical properties because of their higher sur-
face areas. So far, the most common method to fabricate porous
or hollow nanostructures involves the use of templates such as
carbonaceous and polystyrene spheres, and silica materials.”* ™
However, the successful synthesis of the porous or hollow nano-
structures need carefully eliminate the templates form composite
nanostructures, leading to a very complex and time-consuming
process. Recently, template-free strategy based on the Kirkendall
effect or Ostwald ripening mechanism has attracted much at-
tention for the synthesis of Jparous or hollow nanostructures
because of simple processes.”” > Many porous or hollow nano-
structures, including a-Fe,O; nanotubes, Cu,0 nanocages and
hollow nanospheres, porous SnO, nanostructures, hollow
Fe,0;/Sn0, core/shell nanostructures, a-Fe,0;/TiO, tubelike
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nanostructures, porous carbon/Fe;O, nanorods, have been syn-
thesized.”” > Despite these two useful strategies, the synthesis
of porous ternary metal oxide nanostructures still remains a
challenge. Recently, molybdate structures were successfully
fabricated by a simple hydrothermal method.** ™ Specially, the
successful fabrication of one-dimensional (1D) nanostructured
metal molybdate hydrates or metal molybdate extended the
application areas of these materials, i.e., in photoelectric devices.
However, up to now, the synthesis of 1D porous metal molybdate
nanostructures has seldom been reported."

Increased concerns with the toxic effects of chemicals on the
environment lead to rapid development of gas sensors for
monitoring of pollutions. According to the safety standards
established by American Conference of Government Industrial
Hygienists, the threshold limit value defined for H,S is 10 ppm.
As the H,S concentration is higher than 250 ppm, it is very
dangerous to the human body. Therefore, it is necessary to
explore fast-response sensors to detect trace H,S gas in the
environment. Recently, gas sensors based on metal oxide semi-
conductors have attracted much attention because of their rich
sources, low cost, and facile fabrication. Among them, semi-
conductors such as SnO,, ZnO, WO, and In,O; nanostructures
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can be successfully used for the detection of ethanol at ppm
level.**~* However, they exhibited weak response to H,S gas
even at a high working temperature. Therefore, several methods
such as catalyst functionalization, elemental doping, and hetero-
structure formation have been developed to improve the sen-
sitivity of gas sensors.™>° Among these strategies, the con-
struction of p—n junction heteronanostructures is considered as
a very efficient approach to improve the sensitivity of the
sensors. For example, the sensitivity of SnO,/CuO core/shell
nanorods was up to 9.4 X 10° to 10 ppm H,S at a working
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Figure 1. XRD pattern of the Fe(OH);@a-MoO; core/shell
nanostructures.

temperature of 60 °C. However, the response of the nanorods
was not recovered at the low working temperature.*’

Herein we develop an in situ diffusion growth method to
fabricate porous Fe,(MoO,); nanorods. On one hand, the in
situ diffusion growth method is easily achieved with large-scale
production of the nanorods because it only involves a simply
stirring process and a subsequently heating treatment. On the
other hand, with the core materials consumed, the micropores
are produced in the final product, which significantly enhances
the surface area of the product. Therefore, the porous Fe,(MoO,);
nanorods synthesized by the in situ growth method not only can
detect 1 ppm H,S gas at a low working temperature (80 °C), but
also their recovery time is relatively fast. Moreover, the strategy
presented here could be expended as a general method to syn-
thesize other hollow/porous-type transition metal molybdate nano-
structures by rational designation in nanoscale.

2. EXPERIMENTAL SECTION

2.1. Synthesis of @-MoO; Nanorods. All of the reagents are
analytically pure, were purchased and used without further purification.
The a-MoOj; nanorods were first synthesized by a hydrothermal
method described elsewhere.**! Simply, 7.2 g of a-MoQ; powder was
reacted with 55 mL of 30% aqueous H,0, and dissolved completely
under stirring. Twenty-seven mL of concentrated nitric acid and 170 mLof
distilled water were added to the solution above, respectively. The mixture
was allowed to stand for 4 days at room temperature. 35 mL of the mixture
was then transferred into a Teflon-lined stainless steel autoclave with
a capacity of 50 mL for hydrothermal treatment at 170 °C for 24 h.

Figure 2. Structural characterization of the Fe(OH)3@a-MoOj; core/shell nanostructures. (a) SEM image, (b) low-resolution TEM image, (c, d)
magnified TEM images. The Fe(OH); thin film and nanoplates are marked the with white lines and the black arrows in Figure 2c, respectively. The

a-MoO; core is located at the region between the two white lines in d.
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As the autoclave cooled to room temperature naturally, the pre-
cipitates were separated by centrifugation, washed with distilled water
and absolute ethanol, and dried in air.

2.2. Synthesis of Fe(OH);@a-MoO; Core/Shell Nanorods.
0.075 g of a-MoO; nanorods were dispersed into 100 mL distilled
water under vigorous stirring. 0.9 g of Fe(NO3);-9H,0 was added into
the suspension. The above mixture was kept at S0 °C for 2 h under
stirring. The precipitate was separated by centrifugation, washed with
distilled water and ethanol, and then dried in air. The obtained powder
was treated in the Fe(NO,;);-9H,0 solution again through the same
process above in order to allow more amount of Fe(OH); to deposit
on the surface of @-MoOj; nanorods.

2.3. Synthesis of Porous Fe,(MoO,); Nanorods. The dried
Fe(OH);@a-MoO; nanorods were thermally treated at S00 °C for 4 h
in air, and then the porous Fe,(MoO,); nanorods were obtained.

2.4. Characterization. The morphology and size of the syn-
thesized samples were characterized by scanning electron microscope
(SEM) [HITACHI S—5200] and an FEI Tecnai-F20 transmission
electron microscope (TEM) equipped with a Gatan imaging filter
(GIF). The crystal structure of the sample was determined by X-ray
diffraction (XRD) [D/max 2550 V, Cu Ka radiation]. X—ray photo-
electron spectroscopy (XPS) measurements were carried out using a
spectrometer with Al Ka radiation (PHI S700ESCA System). The
pore diameter distribution and surface area were tested by nitrogen
adsorption/desorption analysis with a Quantachrome Instruments
(Autosorb-iQ2-MP).

2.5. Sensor Fabrication and Sensing Measurements. The
fabrication and testing principle of the gas sensor are similar to those
described in our previous reports.*”** Briefly, the sensing materials
were dispersed in ethanol, and ground in an agate mortar to form a
paste. The paste was spun onto a ceramic tube between metal electrodes
to form a thin film. A heating wire in the ceramic tube was used to control
the working temperature of the sensor. The gas sensing properties
were tested by ZWS1-WS-30A system (Zhongxiyuanda Science and
Technology Co. Beijing, China), equipped with a chamber and 30
tested channels. Detected gases such as H,S were injected into the test
chamber and mixed with air. The sensor response to reductive gas was
defined as S = Ra/Rg, where Rg is the resistance in target-air mixed gas
and R, is the sensor resistance in air, respectively.

3. RESULTS AND DISCUSSION

3.1. Growth of Fe(OH);@a-MoO; Nanostructures. It is
well-known that amorphous Fe(OH); colloid nanoparticles can
be formed during the hydrolysis process of Fe(NO,);-9H,0
even at room temperature.m’sz’53 Under the present exper-
imental conditions (at 50 °C), the reaction, Fe’* + 3H,0 —
Fe(OH); + 3H', occurs more easily. As the @-MoOj nanorods
are added in the solution, the amorphous Fe(OH); nanoparticles
will preferentially deposit on the surface of the @-MoO; nanorods
because they can be used as supported substrates. With the
reaction time prolonged, the Fe(OH);@a-MoO; nanostructures
will be formed*"** As the Fe(OH),@a-MoQ; nanostructures
were treated in Fe(NO;), solution under the same conditions again,
the previously deposited Fe(OH); nanoparticles serves as “seeds”
and promote their further growth, leading to the formation of
the relatively complicated Fe(OH);@a-MoO; core—shell nano-
structures.

Figure 1 shows a typical XRD pattern of the Fe(OH);@
a-MoOj; nanorods, in which the blue lines denote the location
of the diffraction peaks of the orthorhombic a-MoO, (JCPDS,
no. 35—0609, cell parameters: a = 3.963 A, b = 13.856 A, ¢ =
3.6966 A). All diffraction peaks marked with Miller indices in
the pattern can be indexed to the a-MoO;. No peaks from
other materials were detected by the XRD measurement, sug-
gesting that Fe(OH); in the Fe(OH),;@a-MoO; core/shell nano-
structures is amorphous. The result is proved by the XPS mea-
surement, as shown in Figure S1 (see the Supporting Information).
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Figure 3. EDX elemental mappings of Fe(OH);@a-MoOj core/shell
nanostructures. (a) Fe, (b) O, and (c) Mo elements. The area of the
single nanorod is marked with the white lines in the figure.
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Figure 4. XRD pattern of the porous Fe,(MoO,); nanorods.

The atomic ratio of Mo to Fe in the Fe(OH),@a-MoOj; core/
shell nanorods is about 1.45:1. The atomic ratio of Mo to Fe in
the nanorods was also determined by coupled plasma-optical
emission spectroscopy (IRIS Interepid II XSP, Thermo
Electron Corporation), and the value is about 1.39:1. Thus,
the results above further confirm that Fe(OH), in the Fe(OH),@
a-MoOj core/shell nanostructures is amorphous.

The morphology and the structure of the Fe(OH),@
a-MoOj core/shell nanostructures were investigated by SEM and
TEM analyses. Figure 2a shows a SEM image of the core/shell
nanostructures. It is clearly found that the average diameter of the
Fe(OH);@a-MoQO; core/shell nanostructures is significantly
increased, in comparison with the pristine @-MoO; nanorods,
but their length is decreased slightly which may result from the acid
etching. TEM image (Figure 2b) shows that the Fe(OH); shell
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Figure S. Structural characterization of the porous Fe,(MoO,); nanorods. (a) SEM image, (b, ¢) TEM images, and (d) HRTEM image.

materials are composed of a thin film coated on the surface of
a-MoO; nanorods and additional nanoplates (indicated by the
black arrows) grown along the vertical direction of the thin film
(between the white lines in Figure 2c). Magnified TEM image
(Figure 2c) demonstrates that the width of the Fe(OH); thin
film and the length of the Fe(OH); nanoplates are about 30
and S5 nm, respectively. Figure 2d shows that the Fe(OH),
nanostructures can be also deposited on the top of a-MoO;
nanorods.

Figure 3 shows the EDX elemental mappings of a single
Fe(OH);@a-MoO; core/shell nanorods, in which the area
of the single nanorod is marked with the white lines. It can
be clearly found that the Mo element distributes mainly in the
core region, whereas Fe and O elements distributes in the
whole region of the nanorods, further confirming the formation
of the Fe(OH),@a-MoOj; core/shell nanostructures.

3.2. In situ Diffusion growth of Porous Fe,(MoO,);
Nanorods. After the dried Fe(OH);@a-MoO; nanorods were
thermally treated at 500 °C for 4 h in air, the porous Fe,(MoQ,),
nanorods could be obtained. Figure 4 shows a XRD pattern of the
Fe,(M0Q,); nanorods. All diffraction peaks marked with Miller
indices in the pattern can be indexed to monoclinic Fe,(MoQ,),
(JCPDS, no. 83—1701, cell parameters: a = 15.707 A, b = 9231 A,
¢ = 18204 A, f = 125.25°). No significant peaks from Fe,O; and
a-MoOj; were detected by the XRD measurement, suggesting that
the nanorods are mainly composed of the Fe,(MoQO,); phase.

The morphology and the structure of the Fe,(MoO,),
nanorods were investigated by SEM and TEM analyses. The
average diameter and the length of the Fe,(MoO,); nanorods
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are 200 nm and 1.2—4 um, respectively, as shown in Figure Sa.
Under the present experimental conditions, most of the Fe,(MoO,),
nanorods have a shape shown in Figure 5b. However, there are
a small amount of the porous nanorods (around 2%) having a
morphology like that shown in Figure Sc. Figure Sd shows
high-resolution TEM (HRTEM) image of the porous nano-
rods. Clear lattice fringes are observed, suggesting the crys-
talline nature of the porous nanorods. The lattice spacings
labeled in the figure is about 1.46 nm, corresponding to (001)
crystal pane of monoclinic Fe,(MoO,); phase. The EDS
analysis (see Figure S2 in the Supporting Information) reveals
that the atomic ratio of Mo to Fe is about 1.35:1, suggesting
that the Fe content in the Fe,(Mo00Q,); nanorods is excess in
comparison with stoichiometric Fe,(MoO,);.

Interestingly, there are micropores along the axial direction
of the nanorods. The pore size is in range of 5—100 nm
according to TEM observations. To verify this, we performed
EDX mapping on individual Fe,(Mo0O,); nanorods, as shown
in Figure 6. It can be clearly seen that the Fe, M,o and O
elements distribute in the whole nanorod region except in the
location of the micropores. This not only demonstrates the
conversion of the Fe(OH),@a-MoO; core/shell nanostruc-
tures to the Fe,(Mo0Q,); nanorods, but also the formation of
the micropores in the central part of the Fe,(MoO,);nanorods.
Figure S3 (Supporting Information) show the nitrogen adsorption—
desorption isotherms and the corresponding Barrett—Joyner—
Halenda (BJH) pore size distributions. The Fe,(MoO,);
nanorods exhibit a type IV hysteresis, indicating that the presence
of micropores in the nanorods. The porous Fe,(MoQ,); nanorods
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Figure 6. EDX elemental mappings of the porous Fe,(MoO,),
nanorods. (a) TEM image, and (b) Fe, (c) Mo, and (d) O elements.

have a large Bruanuer—Emmett—Teller (BET) surface area of
24.04 m* g 7', significantly larger than that of the pristine a-MoOj
nanorods (8.94 m* g ™).>* Calculated from the desorption branch
of the nitrogen isotherm with BJH method, the pore diameter in
the nanorods is in the range of 4—115 nm, in good agreement
with the TEM observations.

The surface electronic state and composition of the porous
Fe,(MoO,); nanorods were investigated by XPS analysis. The
survey XPS spectrum indicates that the nanorods contain Fe,
Mo, and O elements, as shown in Figure 7a. Figure 7b shows a
high-resolution Mo 3d spectrum. Deconvoluted Mo 3d doublet
peaks at 232.1 and 235.4 eV suggest that molybdenum is solely
in the state of Mo®".> Figure 7c shows a high-resolution Fe 2p
spectrum, in which two peaks at 711.8 and 725.6 eV
corresponds to Fe 2p;/, and Fe 2p, ,, respectively. In addition,
the constant binding energies of electrons E, (Mo 3ds/, and Fe
2ps)) is 479.7 €V, further confirming that Mo®" as the only
detected molybdenum species and Fe®* as the only iron species.
The surface composition with Mo/Fe = 1.4, indicating that the
surface of the porous nanorods is Fe-rich with respect to stoichio-
metric Fe,(MoO,),."”

On the basis of the experimental results above, a plausible
formation mechanism of the porous Fe,(MoO,); nanorods is
proposed, as illustrated in Figure 8. The Fe(OH), shells will be
gradually changed into Fe,O; phases upon initially heating (at
the temperature above 100 °C, step 1 in Figure 8) through the
reaction process described by eq 1. When the temperature
increases to 500 °C, the encapsulated a-MoOj; nanorods diffuse
outward and react with the Fe,O; shells gradually upon
subsequently heating (eq 2).*' At the initial stage, relatively
small void spaces in the central part of the nanorods will be
formed due to the diffusion of molybdenum oxide (step 2 in
Figure 8). With the increase of the reaction time at 500 °C, the
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Figure 7. (a) Survey XPS spectrum of the porous Fe,(MoO,),
nanorods, (b) Mo 3d and (c) Fe 2p spectra.

MoO; will totally react with Fe,O;, the void spaces will further
extended. As a result, the uniquely porous Fe,(MoO,),
nanostructures are formed (step 3 in Figure 8) . Therefore,
it is believed that the growth of the porous nanorods was achieved
by an in situ diffusion process. Because of the special growth
mechanism, it is relatively difficult that the porous nanorods possess
a perfect single-crystal nature. Selected area electron diffraction
pattern of the porous Fe,(MoQO,); nanorods provides an evidence
for this conclusion (see Figure S4 in the Supporting Information).

above 100°C

2Fe(OH); ——— Fe,0; + 3H,0 (1)
500°C
Fe,0; + MoO; —— Fe,(MoQ,), (2)

3.3. H,S Sensing Performances of Porous Fe,(MoO,);
Nanorods. The analyses above reveal that porous Fe,(MoO,)
nanorods were successfully synthesized by the in situ diffusion
growth method. Considering the porous and catalytic char-
acteristics, the Fe,(MoQ,); nanorods may have good gas sensing
performances.'”*" Figure 9a shows the variation of the con-
ductance of the porous Fe,(MoO,); nanorods with the increase
of the temperature in air. The conductance increases with the
increase of temperature demonstrates that the nanorods are of
semiconductor properties. Figure 9b shows the sensor responses
of the nanorods to H,S gas with different concentrations. It can be
found that the porous Fe,(Mo0O,); nanorods have very close
sensitivities to 1 ppm H,S gas at all the tested temperatures
(80—320 °C), but have significantly higher values to S—50 ppm
H,S gases at a low temperature (80 °C) than at high tem-
peratures (95—320 °C). Thus, the optimum working temper-
ature of the nanorods is determined to be 80 °C. Compared to
the pristine @-MoO; nanorods, the porous Fe,(MoO,); nanorods
exhibit significantly enhanced H,S sensing properties. For
example, the sensitivity of the porous Fe,(MoO,); nanorods
was up to 5.5 to S ppm H,S at 80 °C, whereas the pristine
a-MoOj nanorods have almost no response to 1-50 ppm H,S
at working temperatures in range of 80—180 °C, as shown in

dx.doi.org/10.1021/am400324g | ACS Appl. Mater. Interfaces 2013, 5, 3267—3274



ACS Applied Materials & Interfaces

Research Article

Fe(OH)3

MoO3 H Fe203 H Fe2(MoO4)3

Figure 8. Illustration of the in situ diffusion growth of porous Fe,(MoO4); nanorods.
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Figure 9. (a) Variation of the conductance of the porous nanorods with
temperature, and (b) sensor responses of the porous Fe,(MoO,); nanorods
to H,S gases with different concentrations at different working temperatures.

Figure SS (Supporting Information). In addition, in comparison
with other sensing materials such as MoO;/ZnO cagelike nano-
composite, MoO;/CuO p—n junctions, and CuO nanobelts,
the porous Fe,(MoO,), also exhibited good H,S sensing per-
formances.***** For example, MoO,/ZnO cagelike nanocomposites
and CuO nanobelts had no response to 5 ppm H,S at a
working temperature of 80 °C.>**® Although the MoO,/CuO
p—n junctions had response to S ppm H,S at 80 °C, the response
did not recover after the removal of H,S gas.48 According to the
sensing mechanism of the semiconductors,””*® the good H,S
sensing performance of the porous Fe,(MoQ,); nanorods may be
related to the following factors. First, considering the micropores
existed along the axial direction of the Fe,(MoO,); nanorods, the
actual diameter of the crystalline Fe,(MoQO,); nanorods is less
than 80 nm, significantly smaller than the diameter of the pristine
a-MoQj; nanorods (170 nm).*' At the same time, the surface
area of the porous nanorods is significantly higher than that the
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pristine @-MoQO; nanorods (see Figure S3 in the Supporting
Information). Thus the small size effect is attributed to the
good sensing performances of the Fe,(MoO,); nanorods. The
small size effect could be also supported by the response of
Fe,(MoO,); nanoparticles with the average diameter of about
200 nm. The synthesis and structural characterization of the
nanoparticles were shown in our previous work.*' The Fe,(MoO,),
nanoparticles have very weak response to H,S at a working
temperature of 80 °C. Although the sensitivity of the nano-
particles to 50 ppm H,S is about 1.7 at 95 °C, it is much lower
than that of the porous Fe,(MoO,); nanorods, as shown in
Figure SS (Supporting Information). Second, the good sensing
performances of the Fe,(MoO,); nanorods may be attributed
to the fact that the Fe,(MoO,); nanorods has many pores,
which leads to the diffusion of more gas molecules into the
nanorods upon their exposure to H,S gases. In addition, as the
porous nanorods exposed to H,S gas, H,S reacts with the
oxygen adsorbates, which can be described by

H,S + 30 (ads) - H,0 + SO, + 3e” (3)

H,S + 30° (ads) — H,0 + SO, + 6e~ (4)

These reactions release electrons, and the released electrons
will decrease the resistance of the nanorods. Thus, the nano-
rods have response to H,S. It is well-known that Fe,(Mo0O,); is
an important kind of oxidation catalyst.'~® The catalytic ability
of the Fe,(MoO,); nanorods at low temperatures is beneficial
to the conversion of H,S to SO,,'**! which leads to the good
H,S sensing performances of the porous nannorods.

To further investigate H,S sensing properties of the porous
Fe,(Mo00O,); nanorods, we also measured their response to
1—-50 ppm H,S at the optimal working temperature, as shown
Figure 10a. The response and recovery times were defined as
the time needed for 90% of total resistance change after the
sensor was exposed to the tested gas and air, respectively. As
shown in Figure 10a, the response and recovery times of the
porous nanorods are less than 30 and 150 s, respectively. In
spite of a relatively long recovery time at a low temperature, it
can be shorten sharply at higher working temperatures. For
example, the recovery time is decreased to about 40 s at a working
temperature of 180 °C, as shown in Figure 10b. Compared to
a-MoO;/CuO p—n junction nanorods, the porous nanorods
exhibited fast recover and response time.**

The selectivity of the sensors is also important for their prac-
tical applications. Thus, the responses of the porous nanorods
to 30 ppm acetone, ethanol, methanol, methane, H,, ethanol,
NHj; and H,S at 80 °C were measured. The measured results
are shown in Figure S6a (Supporting Informaton). It can be
observed that the porous nanorods have relatively weak response
to acetone, ethanol and methanol vapors, but negligible responses

dx.doi.org/10.1021/am400324g | ACS Appl. Mater. Interfaces 2013, 5, 3267—3274
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Figure 10. Time-dependent sensitivity of the porous Fe,(MoO,); nanorods
to H,S gases (a) at the optimum working temperature and (b) at 180 °C.

to mEthane) H2 and NH3 gases. SHZS/ Sacetone) SHZS/ Smethanol! and
Stzs/ Sethanol are 8.1, 10.4, and 13.4, respectively. Therefore, the
porous nanorods have good selectivity to H,S gas. In addition,
the long-term stability of the porous nanorods exposed to 5 ppm
H,S gas indicates that the responses of the sensors are kept almost
the same for 60 days of testing, as shown in Figure Séb (see the
Supporting Informaton). Thus, the sensors have also good stability.
The high sensitivity, fast response and recovery times, good
selectivity and long-term stability allow the porous Fe,(MoO,);
nanorods to fabricate high-performance H,S gas sensors.

4. CONCLUSION

In summary, we have developed an in situ diffusion method to
fabricate porous Fe,(MoO,); nanorods with an average diameter
and a length of 200 nm and 1.2—4 um, respectively. TEM and
nitrogen adsorption—desorption measurements demonstrate that
the micropores exists along the axial direction of the nanorods.
The uniquely porous nanorods can be used to detect H,S gas with
a concentration down to 1 ppm at a relatively low working tem-
perature. Moreover, the porous nanorods have very fast response
and recovery times, good selectivity and long-term stability. The
good H,S sensing performances are attributed to the small size
effect, porous characteristic and catalytic ability at a low tem-
perature of the porous nanorods. In addition, the strategy pres-
ented here could be expended as a general method to synthesize
other hollow/porous-type transition metal molybdate nanostruc-
tures by rational designation in nanoscale.
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