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AW-containing inorganic–organic nanohybrid with a plate-like morphology has been successfully
prepared through a nonaqueous synthetic route using WCl6 as the tungsten source and benzyl alcohol as
the solvent. The as-prepared hybrid nanomaterial was used directly as an efficient precursor for the
formation of WO3 nanoplates via a simple thermal treatment process. The as-obtained WO3 material
maintains the plate-like morphology of the precursor and possesses a unique uneven surface structure.
It is noted that the use of a inorganic–organic hybrid precursor is essential for the creation of an uneven
surface on the WO3 nanoplates, which exhibit high sensitivity and selectivity for the detection of acetone
vapour at a relatively low operating temperature (200 °C). The excellent sensing performance of the WO3

nanomaterial is attributed to its unique uneven surface structure besides the small particle size and
ultrathin morphology.

1. Introduction

One of the ongoing interests in material research concerns the
chemistry and physics of inorganic–organic hybrid nanomater-
ials.1 The integration of the two (inorganic and organic) com-
ponents at a nanometer scale leads to the formation of new
materials that possess enhanced and/or combined properties ori-
ginating from individual components, and even novel functional-
ities that are not available to the individual components alone.
To date, many efforts have been devoted to the design and syn-
thesis of new inorganic–organic hybrid nanomaterials, and a
great deal of advances have been seen in organoamine–chalco-
genide nanohybrids,2 organoamine–metal oxide nanohybrids3

and alcohol–metal oxide nanohybrids.4 With the integration of
inorganic and organic components, these nanohybrids exhibit
novel optical, electrical, and magnetic properties.1 In the mean-
time, they have also been used as efficient precursors for the
preparation of inorganic nanomaterials with various structures
that cannot be readily acquired using other approaches. For
instance, porous CdxZn1−xS nanosheets and hollow CdxZn1−xSe
nanoframes were fabricated by the cation-exchange reaction of
organoamine–chalcogenide nanohybrids with cadmium ions.5

N-doped ZnS nanoparticles, porous ZnO nanosheets, Fe7S8
nanowires and porous Fe2O3 nanorods were prepared through

simple thermal treatment of organoamine–chalcogenide nano-
hybrids.6 Some metal oxides, such as TiO2, SnO2 and WO3,
with particular nanostructures were obtained through thermal or
light-driven transformation of the corresponding metal-based
inorganic–organic nanohybrids.7 These successes prompted us
to explore new inorganic–organic hybrid nanostructures and to
elucidate their potential application as an efficient precursor for
the preparation of inorganic nanomaterials.

On the other hand, gas sensors based on semiconducting
metal oxides have been extensively used to detect/monitor a
wide variety of gases and organic vapors due to their
thermal and environmental stability as well as good response
reversibility.8 The working principle of oxide gas sensors is pri-
marily based on the variation of the electrical resistance, which
results from the interaction process between the chemisorbed
oxygen species on the sensor surface and the gas molecules to
be detected. Since the discovery of the gas-sensing effect,9 much
effort has been made in order to improve the performance (such
as sensitivity, selectivity, as well as response and recovery time)
of oxide sensors. In view of the fact that sensing events occur on
the surface of the oxide semiconductor, an effective strategy to
enhance the gas-sensing properties is to increase the surface area
and active sites by reducing the crystallite size down to the nano-
meter scale. The current nanoscience, in principle, will poten-
tially offer devices with greater sensitivity, selectivity, and
reliability than conventional sensors.8 Nevertheless, achieving
the above goal is not without challenges. The first challenge is
the large-scale synthesis of nanostructures with a particular mor-
phology from a controllable and reproducible chemical process.
The second one is the establishment of a relationship between a
particular nanostructure and its gas-sensing properties. The third
one may be the further engineering of nanostructures at a smaller
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scale to maximize their material properties. To deal with these
challenges, new strategies for nanomaterial synthesis and a deep
understanding of structure–property correlations should be
actively pursued.

Tungsten trioxide (WO3), an indirect band gap semiconductor,
is a well-established oxide material which has been employed as
a promising candidate in gas-sensing applications.10–13 Up to
now, surface modification with noble metal particles (such as
Ag, Au, Pt)10 and bulk doping with heteroatoms (such as Cr,
Si)11 have been attempted to improve the sensing properties of
WO3. By comparison, the nanoscale design of WO3 material is a
simpler and more cost-effective strategy, avoiding the high cost
of noble metals and/or the complexity of multicomponent
systems. Many efforts have been devoted to obtain nanosized
WO3 materials for sensing applications, and the corresponding
results indicate that the particle size and morphology of
WO3 play an important role in its gas-sensing performance.12,13

In this article, we demonstrate that the surface structure besides
the particle size and morphology is another important factor
in determining the gas-sensing properties of WO3. In particular,
a precursor route has been employed for the design of nano-
scaled uneven surfaces on WO3 nanoplates using a W-containing
inorganic–organic hybrid (designated W-IOH) as a starting
material. The as-prepared WO3 material exhibits high sensitivity
and selectivity for the detection of acetone vapour at a relatively
low operating temperature (200 °C).

2. Experimental section

Materials

Tungsten(VI) chloride (WCl6) was purchased from Aladdin
Reagent Corporation (Shanghai, China). Benzyl alcohol (BA),
pyrocatechol, ethanol and the reference WO3 sample were pur-
chased from Tianjin Guangfu Fine Chemical Research Institute.
All the reagents were of analytic grade and used as received
without further purification. Deionized water was used throughout.

Preparation of the W-IOH Precursor

The W-IOH precursor was prepared through a benzyl alcohol-
mediated synthetic route. In a typical synthesis, WCl6 (1.2 g,
3 mmol) as the tungsten source and a small amount of pyrocate-
chol (50 mg, 0.45 mmol) were added to benzyl alcohol (60 mL)
and stirred vigorously for 30 minutes at room temperature. The
mixture was then heated at 80 °C for 50 h under stirring. After
cooling to room temperature, the brown W-IOH precipitate was
washed several times with ethanol and dried naturally at room
temperature.

Formation of WO3 nanoplates with an uneven surface from
W-IOH

The WO3 nanoplates with an uneven surface were obtained by
simply calcining the W-IOH precursor in a muffle furnace at
450 °C for 2 h.

To determine the role of the organic component (benzene
alcohol) in the W-IOH precursor in the creation of an uneven

surface on WO3 nanoplates, a light-driven approach was used to
extract the organic component from W-IOH, as demonstrated in
our previous reports.14 Typically, irradiation of W-IOH under
UV-light was performed in a water-cooled quartz cylindrical
cell (see schematic drawing in Fig. S1†), which was illuminated
from an internal light source with about a 1 cm optical path
length. The UV-light source was a 125 W high-pressure
mercury lamp and the irradiation intensity of the UV-light was
about 9.1 × 104 μW cm−2. The W-IOH precursor (1.0 g) was
dispersed in water (100 mL) and then exposed to the UV-light
irradiation for 5 h. After the irradiation, the solid sample was
harvested and dried in air, and it was identified as WO3·H2O by
XRD measurement. This WO3·H2O material was then calcined in
a muffle furnace at 450 °C for 2 h to obtain another WO3 sample.

General characterization

The powder X-ray diffraction (XRD) patterns were recorded on a
Rigaku D/Max 2550 X-ray diffractometer using Cu Kα radiation
(λ = 1.5418 Å). The scanning electron microscope (SEM)
images were taken on a JEOL JSM 6700F electron microscope.
The transmission electron microscope (TEM) and high-reso-
lution TEM (HRTEM) images were obtained on a JEOL
JSM-3010 microscope. The FT-IR spectra were acquired on a
Bruker IFS 66v/S FTIR spectrometer. The nitrogen adsorption
and desorption isotherms were measured using a Micromeritics
ASAP 2020M system. The Raman spectra were obtained with a
Renishaw Raman system model 1000 spectrometer with a
20 mW air-cooled argon ion laser (514.5 nm) as the exciting
source (the laser power at the sample position was typically
400 μW with an average spot size of 1 μm in diameter). The
analysis of the organic species present in the UV-irradiation reac-
tion system was performed on a Shimadzu GC-2014C gas
chromatograph.

Sensor fabrication and performance testing

The gas sensor was fabricated by pasting a viscous slurry of the
obtained WO3 sample onto an alumina tube with a diameter of
1 mm and a length of 4 mm, which was positioned with a pair of
Au electrodes and four Pt wires on both ends of the tube. A Ni–
Cr alloy coil through the tube was employed as a heater to
control the operating temperature. Gas sensing tests were per-
formed on a commercial CGS-8 Gas Sensing Measurement
System (Beijing Elite Tech Company Limited). The sensor sensi-
tivity is defined as the ratio Ra/Rg, where Ra and Rg are the elec-
trical resistances of the sensor in air and in the testing gas,
respectively. The response and recovery time are defined as the
time taken by the sensor to achieve 90% of the total resistance
change in the case of adsorption and desorption, respectively.
For comparison, the sensor performance of the commercially
available WO3 sample was also tested.

3. Results and discussion

3.1 Preparation and characterization of the W-IOH precursor

The W-IOH precursor was prepared on a large scale through a
benzyl alcohol-mediated nonaqueous synthetic route. In the
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typical system, WCl6 functions as the tungsten source, and
benzyl alcohol (BA) acts as the solvent but also as the reactive
agent that entered the structure of W-IOH. The formation of
W-IOH was confirmed by XRD measurement.15 As shown in
Fig. 1a, a set of diffraction peaks (2θ > 20°), which are mainly
indexed to WO3·H2O, appear in the pattern. In addition to these
diffraction peaks related to WO3·H2O, a strong XRD peak at
2θ = 5.6° and two relatively weak peaks at 2θ = 11.3 and 16.7° are
also observed, and these three peaks correspond to the d-spacing
values of 1.57, 0.79, and 0.53 nm, respectively. The presence of
these XRD peaks (2θ < 20°) indicates the formation of meso-
structures due to the self-assembly between the BA molecules
and WO3·H2O. The structure of W-IOH was further confirmed
by IR spectroscopy (Fig. 1b). A broad IR absorption due to
stretching vibrations of hydroxyls (OH groups) and a relatively
weak absorption due to bending vibration of hydroxyls are
observed at approximately 3397 and 1623 cm−1, respectively,
indicating that a considerable amount of OH groups and water
molecules exist in W-IOH. Several absorption bands associated
with BA molecules are also observed in the IR spectrum
between 1200 and 1455 cm−1.15 In addition, a very strong and
broad IR band at 688 cm−1 is assigned to the stretching vibration
of O–W–O, and two bands at 941 and 989 cm−1 are ascribed to

the stretching vibrations of WvO.15,16 The thermogravimetric
(TG) analysis for W-IOH was carried out in air from 25 to
800 °C and the corresponding TG curve is shown in Fig. 1c.
With the further increase in temperature from 25 to 800 °C, the
W-IOH precursor undergoes a small weight loss (3.2%) below
147 °C, which is mainly due to the elimination of physically
adsorbed water and organic molecules, and two sharp weight
losses above 147 °C. The first sharp weight loss (6.6%) takes
place at 147 °C, and this weight loss is attributed to the removal
of water molecules in WO3·H2O. The second weight loss starts
at 365 °C and ends at about 450 °C. A total weight loss of about
27.9% is observed, and this weight loss is originated from the
decomposition of BA in the hybrid material. From the above
weight loss values it is estimated that the empirical composition
of the W-IOH precursor is WO3·H2O·BA. Fig. 2 shows the TEM
and HRTEM images of the W-IOH precursor, the particles of
which exhibit plate-like shapes with diameters of ∼50 nm and a
thickness less than 5 nm.

3.2 Thermal transformation of the W-IOH precursor to WO3

nanoplates

Considering the above TG result (Fig. 1c), a calcination tempera-
ture of 450 °C is selected to thermally transform W-IOH to
WO3. As expected, pure WO3 sample is obtained after the
thermal treatment at 450 °C. Fig. 3a shows the XRD pattern of
the as-obtained WO3 sample. It is seen that the XRD diffraction
peaks associated with the W-IOH precursor (Fig. 1a) completely
disappear upon calcination, and some new diffraction peaks,
which are perfectly indexed to monoclinic WO3, show up
(Fig. 3a). The obvious broadening of diffraction peaks indicates
that the obtained WO3 particles are nanocrystals with a small
size. In addition, the peak broadening behavior also leads to the
overlap of some diffraction peaks. For example, the three stron-
gest diffraction peaks [(002), (020) and (200)] of monoclinic
WO3 cannot be well-resolved for our sample (22 < 2θ < 26°).
Fig. 3b shows the Raman spectrum of the obtained WO3

material. In the spectrum between 200 and 1200 cm−1 five dis-
tinct bands appear at about 274, 326, 618, 710 and 807 cm−1.
The well-defined Raman bands at 274, 326, 710, and 807 cm−1

fall very close to the positions of the four strongest modes of
monoclinic WO3.

17 The bands at 274 and 326 cm−1 are assigned
to W–O–W bending modes of the bridging oxygen, and the
bands at 710 and 807 cm−1 are ascribed to the corresponding
stretching modes. The weak shoulder band at 618 cm−1 can be

Fig. 1 XRD pattern (a) and IR spectrum (b) and TG curve (c) for the
W-IOH precursor. Fig. 2 TEM (a) and HRTEM (b) images of the W-IOH precursor.
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attributed to the O–W–O stretching vibration that is influenced
by the surface OH groups on the surface of the WO3 particles.
The IR spectrum of the obtained WO3 sample (Fig. 3c) confirms
the presence of OH groups because of the appearance of absorp-
tion peaks at around 1629 and 3433 cm−1. In addition, the total
disappearance of the absorption peaks related to WvO bonds
and BA molecules (see Fig. 1b) further confirms the complete
thermal conversion of the W-IOH precursor to the WO3 material.

Fig. 4 shows the TEM and HRTEM images of the obtained
WO3 sample. The images reveal that the obtained WO3 material
maintains the plate-like morphology of the W-IOH precursor,
and the particle size is about 50–100 nm. Differing from that of
the precursor particles (Fig. 2a), the TEM image (Fig. 4a) shows
a set of white spots across the whole WO3 particle. A close
inspection of the HRTEM image (Fig. 4b) shows that the WO3

nanoplate has a convex and concave surface, and the white spots
observed in the TEM image are the concave regions. Moreover,
this image also reveals that the plate is single crystalline, and the
observed lattice spacing is about 0.38 nm, corresponding to the
interplanar distance of the (002) reflections for monoclinic WO3.
It should be pointed out that the unique WO3 material with an
uneven surface is obtained only through the thermal conversion
of the W-IOH precursor, and to our knowledge, no other

synthetic techniques have been successful in achieving similar
WO3 products.

To determine the role of the inorganic–organic hybrid precur-
sor (W-IOH) in the creation of an uneven surface on the WO3

nanoplates, a light-driven approach14 was used to extract the
organic component (benzene alcohol) from the W-IOH, and then
the obtained solid sample was thermally converted to the other
WO3 sample. UV-irradiation of the W-IOH precursor was per-
formed at room temperature in water without deliberate addition
of any organic/inorganic species. Fig. 5 presents the XRD
pattern and the IR spectrum of the obtained solid product after
the UV-irradiation of the W-IOH precursor. It is seen that the
XRD diffraction pattern and IR absorption spectrum for the solid
product obtained after the UV-irradiation are very different from
those for the W-IOH precursor (Fig. 1). Obviously, the XRD
peaks associated with the self-assembly between the BA mole-
cules and WO3·H2O disappear, and the new diffraction peaks in
Fig. 6a correspond well to those of WO3·H2O. The IR absorption

Fig. 3 XRD pattern (a), Raman spectrum (b) and IR spectrum (c) of
the solid sample obtained after thermal treatment of the W-IOH precur-
sor at 450 °C.

Fig. 5 XRD pattern (a) and IR spectrum (b) of the sample (WO3·H2O)
obtained after UV-irradiation of the W-IOH precursor at room
temperature.

Fig. 4 TEM (a) and HRTEM (b) images of the solid sample obtained
after thermal treatment of the W-IOH precursor at 450 °C.
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bands for BA molecules (Fig. 1b) also completely disappear,
whereas the IR absorption bands related to O–W–O (718 cm−1),
WvO (941, 989 cm−1) and OH groups (1623, 3397 cm−1)
remain. The X-ray diffraction and the IR spectroscopy indicate
that the organic component has been successfully removed from
the W-IOH precursor upon UV-irradiation. Indeed, benzyl
alcohol has been detected in the aqueous phase through gas
chromatography after the UV irradiation of the W-IOH precursor
in water, and benzyl alcohol is believed to arise from the
removal of the organic component in the W-IOH material. Using
the benzyl alcohol-free solid product (WO3·H2O) obtained after
the UV-irradiation as the precursor, another WO3 sample (see
XRD pattern in Fig. 6a) is also formed through a simple thermal
treatment at 450 °C. The TEM and HRTEM images (Fig. 6a and
6b) reveal that the resultant WO3 nanoparticles exhibit a rela-
tively flat surface. This observation demonstrates that the pres-
ence of the organic component (benzene alcohol) in the W-IOH
precursor is very important for the creation of an uneven surface
on WO3 nanoplates. The oxidative decomposition of benzene
alcohol in the W-IOH precursor during the formation of WO3

leads to an acute local structural collapse and/or rearrangement,
and thus an uneven surface structure is formed. On the contrary,
the dehydration of WO3·H2O to WO3 only causes a relatively
moderate structure change, and therefore a flat (even) surface
structure is obtained.18 For clarity, the two different WO3 for-
mation processes using the W-IOH precursor are schematically
shown in Fig. 7.

3.3 Sensing performance of WO3 nanoplates

Because surface roughness in nanostructures can dramatically
influence the amount of surface active sites, it is expected that
the unique uneven surface of the WO3 nanoplates would bring
about better gas sensing performance. For comparison, three gas

sensors were fabricated from the WO3 nanoplates with an
uneven surface (WO3-uneven), the WO3 nanoplates with a flat
surface (WO3-flat) and the commercially available WO3 sample
(com-WO3). A typical sensor was fabricated conveniently by
pasting a viscous slurry of the WO3 material onto a ceramic tube
with a diameter of 1 mm and a length of 4 mm, which was posi-
tioned with a pair of Au electrodes and four Pt wires on both
ends of the tube (Fig. 8a). A Ni–Cr alloy coil through the tube
was employed as a heater to control the operating temperature.
The optimal operating temperature of the sensor based on the
WO3-uneven sample was determined by testing 500 ppm
acetone at different temperatures. As revealed in Fig. 8b, the
WO3 sensor shows the highest sensitivity toward acetone at
200 °C. Accordingly, 200 °C is believed to be the optimal oper-
ating temperature for the detection of acetone, and this operating
temperature was applied in all the sensing tests hereinafter. The
sensor sensitivity is defined as the ratio Ra/Rg, where Ra and Rg
are the electrical resistances of the sensor in atmospheric air and
in the testing gas, respectively. The response and recovery times
are defined as the times taken by the sensor to achieve 90% of
the total resistance change in the case of adsorption and de-
sorption, respectively.

Fig. 9a and 9b show the dynamic response–recovery curves of
the WO3-uneven sensor with increasing acetone and ethanol
concentrations, respectively. It is seen that the sensor has a wide
response range for both acetone and ethanol from 5 to 500 ppm.
The sensitivity increases significantly with increasing acetone/
ethanol concentration. For acetone concentrations of 5, 10, 20,
50, 100, 200, and 500 ppm, the sensitivities are about 2.3, 3.1,
4.2, 8.5, 11.2, 19.6, and 38.7, respectively. For ethanol

Fig. 6 XRD pattern (a), TEM (b) and HRTEM (c) images of the
sample (WO3) obtained after thermal treatment of WO3·H2O at 450 °C.

Fig. 7 Schematic diagram showing the two different WO3 formation
processes using the W-IOH precursor.

Fig. 8 (a) Schematic diagram showing the structure of a typical gas
sensor; (b) sensitivity of the sensor based on the WO3-uneven sample as
a function of the operating temperature for the detection of acetone with
a concentration of 500 ppm.

This journal is © The Royal Society of Chemistry 2012 Dalton Trans., 2012, 41, 9773–9780 | 9777
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concentrations of 5, 10, 20, 50, 100, 200, and 500 ppm, the
sensitivities are about 2.6, 3.3, 4.5, 6.1, 8.5, 10.1, and 13.4,
respectively. For comparison, the sensing performances of WO3-
flat and com-WO3 have also been tested. Fig. 9c and 9d show
the gas concentration-dependent sensitivities of the sensors
based on the three materials. It is obvious that the sensors based
on the WO3-uneven and WO3-flat materials exhibit sensitivities
distinctly higher than that based on the commercial WO3 (com-
WO3), and the performance of WO3-uneven in terms of sensi-
tivity is superior to that of WO3-flat, especially for the acetone
detection. The sensitivity of WO3-uneven is about 2.9 times as
high as that of WO3-flat (7.3 times com-WO3) in the presence of
500 ppm acetone. In comparison with a highly sensitive hollow
WO3 material reported previously,12 the WO3-uneven material
we obtained also exhibits a much better sensing performance.
For instance, the sensitivity values for the hollow WO3 material
are 13.5 and 6.14, whereas the corresponding values for the
WO3-uneven material are about 38.7 and 13.4 in the presence of
500 ppm acetone and ethanol, respectively.

Fig. 9c and 9d demonstrate that WO3-flat and com-WO3

exhibit very similar sensitivities for acetone and ethanol detec-
tion. Similar sensing behavior to ethanol and acetone has been
observed in many oxide-based sensing investigations.19 In con-
trast with these two materials, the WO3-uneven material shows a
much higher sensitivity for acetone than for ethanol detection at
the high gas concentration (>50 ppm). The selective acetone
detection of the WO3-uneven sensor is further confirmed by

comparing responses of the WO3-uneven sensor to acetone,
ethanol, methanol, hydrogen, carbon monoxide, ethylene and
methane. As shown in Fig. 10, the WO3-uneven sensor is less
sensitive to ethanol, methanol and hydrogen, and totally insensi-
tive to carbon monoxide, ethylene and methane.

Response and recovery times are also critical for a gas sensor.
From Fig. 9a and 9b, it is seen that the response and recovery
times of the WO3-uneven sensor are fast for the detection of
acetone and ethanol vapors. For acetone detection, the time of
response is less than 3 s, and the recovery time is less than 6 s.

Fig. 9 Dynamic response–recovery curves of the sensor based on the WO3-uneven sample for (a) acetone and (b) ethanol detection; and the corres-
ponding comparisons (c), (d) of the gas concentration-dependent sensitivities of WO3-uneven (red line), WO3-flat (blue line) and com-WO3 (black
line).

Fig. 10 Sensitivity comparison of the WO3-uneven material in the
presence of 500 ppm test gas.
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For ethanol detection, the times of response and recovery are less
than 6 s. From the above sensing results, it is concluded that the
WO3-uneven nanomaterial is very promising for the fabrication
of an acetone sensor because of its high sensitivity, obvious
selectivity and fast response and recovery.

Taking into account the fact that WO3-uneven and WO3-flat
possess a plate-like morphology and a particle size much
smaller than the commercially available WO3 sample (see SEM
images of com-WO3 in Fig. S2†) and the former two materials
exhibit distinctly higher sensitivities than the latter, it is clear
that the particle size and morphology play an important role in
determining the gas sensing performance of WO3.

12,13 However,
WO3-uneven and WO3-flat have the same crystal structure
(see Fig. 3a and 6a), similar plate-like shapes (see Fig. 4 and 6)
and similar surface areas (26.4 m2 g−1 for WO3-uneven;
24.8 m2 g−1 for WO3-flat), and thus these factors cannot be
the reason behind the enhanced sensing performance of
WO3-uneven versus WO3-flat. Considering that the biggest
structural difference between WO3-uneven and WO3-flat is its
surface structure, the excellent sensing performance of the WO3-
uneven material, therefore, should be attributed to the uneven
surface structure in comparison with the WO3-flat material. This
unique structural feature (uneven surface) for the WO3 nano-
plates leads to an enhanced number of available reactive sites,
thus improving the gas sensing performance of the material
significantly.

The gas sensing behavior of WO3 is generally ascribed to the
interaction of surface chemisorbed oxygen and the gas molecules
to be detected.8 Fig. 11 shows the schematic representation of
the sensing mechanism of the WO3 material. The oxygen mo-
lecules in air are chemisorbed on the WO3 surface and function
as electron acceptors. The individual chemisorbed oxygen
extracts electrons from the conduction band of WO3, leading to
the creation of a potential barrier and thus a high resistance state.
When the sensor is exposed to a reductive gas (such as acetone)
at moderate temperature, the gas reacts with the surface oxygen
species, resulting in a decrease of the amount of adsorbed
oxygen. As a consequence, the height of the potential barrier is
reduced, and the resistance of the whole sensing layer decreases
significantly. The increase in the number of available reactive
sites enhances the interaction of surface chemisorbed oxygen
and the gas molecules to be detected, thereby promoting the per-
formance of the gas sensor. For the WO3-uneven material, the
combination of an ultrathin plate-like morphology with an
uneven surface structure provides not only a high surface area
but also rich atomic steps with a concave surface topology.20

The abundant atomic steps result in a significantly increased

amount of reactive sites which play an important role in the gas
sensing process of WO3.

4. Conclusion

A benzyl alcohol-mediated nonaqueous synthetic route has been
found to result in the formation of a W-containing inorganic–
organic nanohybrid with a plate-like morphology. By using this
inorganic–organic nanohybrid as a precursor, a new WO3 nano-
plate material with an uneven surface is directly obtained via a
simple thermal treatment process. The presence of an organic
component (benzene alcohol) in the W-IOH precursor has
proved to be very important for the creation of the uneven
surface on WO3 nanoplates. Furthermore, investigations into the
gas sensing properties of the as-prepared WO3 reveal that this
nanomaterial is promising for the fabrication of an acetone
sensor because of its high sensitivity, obvious selectivity and fast
response and recovery for acetone detection, and the uneven
surface structure besides the particle size and morphology is
responsible for the enhancement of the gas sensing performance.
Our results further demonstrate that the inorganic–organic nano-
hybrids are efficient precursors for the preparation of inorganic
nanomaterials with unique morphologies and textures, which
may lead to markedly enhanced functionalities.
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