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ABSTRACT: A facile method to prepare SnO2 hollow microspheres has been developed by using SiO2 microspheres as template
and Na2SnO3 as tin resource. The obtained SnO2 hollow
microspheres were characterized by X-ray diﬀraction, scanning
electron microscopy, high resolution and transmission electron
microscopy, and Brunauer−Emmett−Teller analysis, and their
sensing performance was also investigated. It was found that the
diameter of SnO2 hollow microspheres can be easily controlled in
the range of 200−700 nm, and the shell thickness can be tuned from
7.65 to 30.33 nm. The sensing tests showed that SnO2 hollow
microspheres not only have high sensing response and excellent
selectivity to acetone, but also exhibit low operating temperature and
rapid response and recovery due to the small crystal size and thin
shell structure of the hollow microspheres, which facilitate the
adsorption, diﬀusion, and reaction of gases on the surface of SnO2 nanoparticles. Therefore, the SnO2 hollow microsphere is a
promising material for the preparation of high-performance gas sensors.

1. INTRODUCTION
Acetone, easy to combust and evaporate at room temperature,
is an extensively used chemical reagent in lab and industry. It
may cause many health hazards to human beings, such as
headache, narcosis, and so forth, at concentrations higher than
500 ppm. Moreover, the mixture of its vapor and the air will
explode when the volume concentration of acetone is in the
range of 2.6−12.8%. Moreover, the concentration of acetone
exhaled by I diabetic patients is higher than that of healthy
people.1 However, the current diagnosis of diabetes requires a
blood test, which is not only ineﬃcient, but also painful for
patients. Therefore, the fast detection of acetone through a
facial method is vitally important to ensure the health and
safety of human beings.
Gas sensors, which play a pivotal role in detecting harmful
and inﬂammable gases, have been widely used in the ﬁelds of
industry, agriculture, electronics, and daily life. Because of their
advantages of small size, low cost, simple operation, and good
reversibility, semiconductor sensors become one of the most
promising devices among the solid-state chemical sensors.2
Many oxide semiconductors have been explored to detect
pollutant, toxic, and inﬂammable gases, such as ZnO,3 SnO2,4
TiO2,5 In2O3,6,7 Fe2O3,8 and WO3.9 Generally, the sensing
mechanism of semiconductors relates to the surface adsorption
and surface reaction of target gases on the semiconductors,
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which results in a reduction/oxidation process of the
semiconductors. The eﬀects of these surface phenomena are
reversible and lead to the signiﬁcant change in electrical
resistance.10
Among the most studied metal oxide semiconductors, SnO2,
acting as a gas sensing materials, has attracted considerable
attention for the advantages of excellent heat tolerance,
corrosion resistance, low cost,11 and good sensing response
to acetone.12,13 Chen et al.14 reported that SnO2 nanopolyhedrons had superior response to acetone and shorter
response and recovery times at 370 °C. Qin et al.15 investigated
the gas sensitivity of square-shaped SnO2 nanowires to acetone,
and found that the sensitivity reached 5.5 at the concentration
of 20 ppm at 290 °C, and the response and recovery times were
7 and 10 s, respectively. However, the shortcomings such as
high working temperature, large energy consumption, and poor
selectivity restrict the application of SnO2 material in practice.
Hence, the design and synthesis of SnO2 material with low
operating temperature and excellent sensing performance is
more desirable in accordance with the demand in industry.
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It has been proven that the gas sensing response increases
abruptly when the particle size becomes comparable or smaller
than the Debye length (typically several nanometer).2 Nanoparticles with size in the range of several nanometers show high
response to target gases. However, owing to their small particle
size, nanoparticles have poor stability when they are used as gas
sensing materials. Hierarchical structures assembled by low
dimension building-blocks, such as 0D nanoparticles, 1D
nanowires, 1D nanorods, and 2D nanosheets, and so on, not
only retain the high speciﬁc surface area of low dimensional
nanostructures, but also have more open mesoporous
structures, which beneﬁts the gas diﬀusion. Hollow spheres, a
typical hierarchical structure, have attracted lots of attention
because of their high speciﬁc surface area and excellent
diﬀusion property, and hollow spherical metal oxide semiconductors show outstanding gas sensing performance.16 For
example, the sensitivity of SnO2 hollow spheres to 100 ppm
ethanol was 119 at 250 °C, which is much larger than the
response of SnO2 nanoparticles (18) at 200 °C.17 SnO2 hollow
spheres, synthesized by heat treatment of a mixture composed
of SnCl4 and carbon templates, showed a sensing response of
75 to 1000 ppm ethanol at 300 °C, and very fast response and
recovery times of 4 and 10 s.18 Qian et al. reported that SnO2
hollow spheres showed a higher response of 6.8 to 40 ppm
ethanol at room temperature.19 These results indicate that the
less agglomerated conﬁguration and open porous hollow
structures enhance the gas sensitivity, shorten the response
and recovery times, and reduce the operating temperature.
Nevertheless, the relatively thick shell and larger crystallite size
of SnO2 hollow spheres hinder the diﬀusion of target gases and
have an adverse eﬀect on the sensing performance,20 and the
sensing performance of SnO2 hollow spheres toward acetone is
rarely reported. Thereby, it is desirable to prepare SnO2 hollow
microspheres with thin thickness and small crystal size, and
study its sensing performance to acetone.
Herein, we report a simple method for preparation of SnO2
hollow microspheres with controllable size and shell thickness
by using SiO2 microspheres as a template, and the inﬂuence of
the structure on acetone gas sensing properties has been
investigated. The obtained results reveal that SnO2 hollow
microspheres with small diameter, thin shell thickness, and
small crystal size exhibited the merits of high sensing response
to acetone, good sensing selectivity, fast response and recovery,
and low operating temperature. Hence, this study oﬀers
guidance for optimizing the structure of gas sensing materials,
and these SnO2 hollow microspheres have potential application
in industry.

Scheme 1. Illustration for Fabrication of SnO2 Hollow
Microspheres

deionized water, and ammonia was vigorous stirred for 30 min,
then TEOS was added into the mixed solution with stirring at
room temperature for 4 h. The volume of ethanol and ammonia
remained constant (46.60 and 6.75 mL, respectively), and the
volume of TEOS and deionized water was varied to obtain SiO2
microspheres with the desired size. Mixtures of 1.42, 1.42, and
5.68 mL of TEOS with 27, 6.45, and 6.45 mL of deionized
water were used to prepare SiO2 microspheres with mean size
of 200, 500, and 700 nm, respectively. The ﬁnal precipitate was
washed with deionized water and ethanol for several times, and
then dried at 60 °C overnight. Finally, the dried powder was
annealed at 500 °C for 4 h, and SiO2 microspheres with a mean
size of 200, 500, and 700 nm were denoted as SiO2-200, SiO2500, and SiO2-700, respectively.
SiO 2 @SnO2 microspheres were prepared by in situ
deposition method. Typically, 0.60 g of SiO2-200 microspheres
were dispersed in 50 mL of deionized water under ultrasonication for 20 min. Respective amounts of 0.71, 1.42, 2.84,
and 4.27 g of Na2SnO3·4H2O with Sn/Si molar ratio of 0.25,
0.5, 1, and 1.5 were dissolved in 100 mL mixed solution of
deionized water and ethanol (V:V = 1:1). Then, the solution of
Na2SnO3 was added into the suspension liquid of SiO2
microspheres, and the mixture was magnetically stirred at 60
°C for 3 h to form SiO2@SnO2 microspheres. SiO2@SnO2
microspheres were separated by centrifugation, washed with
deionized water and ethanol for several times, and then dried at
60 °C for overnight, followed by calcination at 400 °C for 4 h at
a heating rate of 5 °C·min−1 under ﬂowing air. These samples
were named as SiO2@SnO2-200-m, where m represents the Sn/
Si molar ratio used in the preparation process. SiO2@SnO2
microspheres with sizes of 500 and 700 nm were also prepared
and named according to above method. Respective amounts of
0.85 and 0.65 g of Na2SnO3·4H2O with Sn/Si molar ratio of 0.3
and 0.23 were used to prepare SiO2@SnO2 microspheres with
sizes of 500 and 700 nm to obtain microspheres with similar
SnO2 shell thickness to that of SiO2@SnO2-200−0.5.
SnO2 hollow microspheres were prepared by etching the
SiO2 core of SiO2@SnO2 microspheres with NaOH solution
with a concentration of 2 mol·L−1 at 80 °C for 1 h. Then the
SnO2 hollow microspheres were dried in an oven at 80 °C for
12 h after several cycles of centrifugation and redispersion in
water. The obtained SnO2 hollow microspheres were named
according to the name of SiO2@SnO2 microspheres used in the
preparation process. For example, SnO2-200-1 means it was
prepared from SiO2@SnO2-200-1. The entire process is shown
in Scheme 1.
2.3. Characterization. Powder X-ray diﬀraction patterns of
the microsphere samples were conducted on a Rigaku D/maxUltima III X-ray powder diﬀractometer, operated at a 45 kV
and 40 mA, with a scan speed of 10°·min−1 and a scan range
between 20° and 80°, using Ni-ﬁltered Cu Kα radiation, λ =
0.15406 nm. The morphology of the microspheres was
investigated by using a scanning electron microscope (SEM;
Zeiss Supra 55) with an accelerating voltage of 20 kV.
Transmission electron microscopy (TEM) images were
recorded on a Hitachi H-800 transmission electron microscope

2. EXPERIMENTAL SECTION
2.1. Material. Tetraethyl orthosilicate (Si(OC2H5 )4,
denoted as TEOS, purity > 98%) was provided by Aladdin
Industrial Co., Ltd. Na2SnO3·4H2O (purity > 98%) was
purchased from Sinopharm Chemical Reagent Beijing Co.,
Ltd. CH3CH2OH, NH3·H2O, and NaOH were all of analytical
grade and used without any further puriﬁcation. Deionized
water was used throughout the experiments.
2.2. Preparation of SnO2 Hollow Microspheres. The
preparation process of SnO2 hollow microspheres are illustrated
in Scheme 1. The monodisperse silica microspheres with
diﬀerent sizes were prepared by hydrolyzing tetraethyl
orthosilicate in ethanol solvent in the presence of deionized
water and ammonia according to the modiﬁed Stö ber
method.21 Speciﬁcally, a mixed clear solution of ethanol,
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peaks increases slightly after calcination at 400 °C (Figure 1c),
indicating the crystallinity of SnO2 was improved slightly. The
characteristic peak of SiO2 disappears in the XRD pattern of
SnO2 hollow spheres (Figure 1d), and no other diﬀraction
peaks can be observed in the pattern, manifesting that the SiO2
microsphere templates were completely removed by etching
with NaOH solution. Besides, all diﬀraction peaks of SnO2
hollow spheres can be indexed to the tetragonal rutile structure
of SnO2 (JCPDS card 77-0450). The crystalline size of SnO2
hollow microspheres calculated by the Scherrer equation based
on the full-width at half-maximum of the (110) diﬀraction peak
is about 3.5 nm.
The typical morphologies of the templates were observed by
SEM, and the results are displayed in Figure 2. The as-prepared

operated at 100 kV. High resolution transmission electron
microscopy (HRTEM) images were noted on JEOL JEM-2010
microscope with an accelerating voltage of 200 kV. The speciﬁc
surface area, pore volume, and size analysis were measured
through Brunauer−Emmett−Teller (BET) and Barrett−Joyner−Halenda (BJH) methods, respectively, on a Micromeritics
Surface Area & Porosity Gemini VII 2390 system. All the
samples were degassed at 200 °C for 8 h prior to the
measurements.
2.4. Measurements of Gas Sensing Performance. The
fabrication process of the sensors based on SnO2 hollow
microspheres is similar to that reported elsewhere.22 Proper
amounts of SnO2 hollow microspheres were slightly ground
together with several drops of ethanol in an agate mortar to
form a slurry, and the slurry was coated on a ceramic tube with
a diameter of 1.2 mm and length of 4 mm, being positioned
with a pair of Au electrodes and four Pt wires on both ends of
the tube. A Ni−Cr heating wire through the tube was employed
as a heater to control the operating temperature by tuning the
heating current. The gas sensors were aged at 200 °C for 4 days
before the gas sensing measurement. Gas sensing tests were
performed on a CGS-8 intelligent gas sensing analysis system
(Elite Tech Co., Ltd.) at a relative humidity of 25−45%. A
schematic diagram of analysis system and experimental process
were illustrated in the previous report.23 The gas response of
the sensor was deﬁned as Rg/Ra for oxidizing gas and Ra/Rg for
reducing gas, where Ra and Rg were the resistances of the sensor
in air and test gas. The response and recovery time is deﬁned as
the time taken when the response value reaches 90% of the ﬁnal
equilibrium one.

3. RESULTS AND DISCUSSION
3.1. Structure and Morphology of SnO2 Hollow
Microspheres. Figure 1 shows the XRD patterns of SiO2Figure 2. SEM images of (a) SiO2-200, (b) SiO2-500, (c) SiO2-700,
(d) SiO2@SnO2-200, (e) SiO2@SnO2-500, (f) SiO2@SnO2-700, (g)
SnO2-200, (h) SnO2-500, and (i) SnO2-700.

SiO2 microspheres with smooth surface are relatively uniform
and monodisperse (see part a, b, and c in Figure 2). Hence the
prepared SiO2 microspheres are ideal templates to prepare
uniform hollow microspheres. The size of the SiO2 microspheres template can be easily tuned by adjusting the amount
of deionized water and TEOS, and the SEM images show that
SiO2 microspheres have a mean diameter of about 200, 500,
and 700 nm, respectively. SiO2@SnO2 with core−shell
structure was obtained after coating SnO2 on the surface of
SiO2 microsphere and annealing at 400 °C. As shown in Figure
2 panels d−f, the surface of SiO2 microsphere becomes rough,
indicating that SnO2 particles were successfully loaded on the
surface of SiO2. After etching by NaOH solution, the cores of
SiO2@SnO2 microspheres were removed, and give rise to SnO2
hollow microspheres which can be clearly seen in Figure 2g−i.
The size of the hollow microspheres can be easily controlled by
using diﬀerent-sized templates, and the thickness of shell can be
tuned by controlling the loading amount of SnO2. In addition,
SnO2 hollow microspheres have uniform size due to the
monodispersed SiO2 templates.
The SnO2 hollow microspheres were further characterized by
TEM, and the results indicate the hollow nature of the SnO2
microspheres. As shown in Figure 3, all samples have a regular
hollow spherical structure after removing the SiO2 microsphere

Figure 1. XRD patterns of (a) SiO2-200, (b) uncalcinated SiO2@
SnO2-200-0.5, (c) calcinated SiO2@SnO2-200-0.5, and (d) SnO2-2000.5.

200, uncalcinated SiO2@SnO2-200-0.5, calcinated SiO2@SnO2200-0.5, and SnO2-200-0.5, respectively. The XRD pattern of
SiO2 microspheres (Figure 1a) indicates an amorphous phase
of the SiO2 (JCPDS card 82-0512). After coating with SnO2,
the reﬂection due to the SnO2 phase can be observed in
addition to SiO2 in the pattern of uncalcinated SiO2@SnO2
microspheres. The broad diﬀraction peaks of the SnO2 layer are
weak because the layer is incompletely crystallized during the
coating process (Figure 1b). The intensity of SnO2 diﬀraction
3590
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Figure 3. TEM images (I), HRTEM images (II), and shell thickness distribution (III) of (a) SnO2-200-0.5, (b) SnO2-200-1 and (c) SnO2-200-1.5.

Figure 4. Nitrogen adsorption−desorption isotherms and pore size distribution (inset) of SnO2 hollow microspheres with diﬀerent sizes (A) and
diﬀerent shell thickness (B).

cores. The shell thickness of all products is uniform, indicating
the homogeneous loading of SnO2 on the surface of SiO2
microspheres. The shell thickness, which can be facilely tuned
by controlling the loading amount of SnO2, increased from 7.65
to 30.33 nm as the molar ratio of Na2SnO3 to SiO2 increased
from 0.5 to 1.5. The HRTEM images suggest that the SnO2
hollow microspheres are composed of interconnected nanocrystallites (Figure 3B). Moreover, the crystallite size of the
SnO2 hollow microsphere increases as the SnO2 loading
amount increases. The crystallite size of SnO2-200-1.5 (5.64
nm) is 2-fold larger than the size of SnO2-200-0.5 (2.81 nm).
These results suggest that the loading amount of SnO2 not only
has signiﬁcant impact on the shell thickness but also exerts
considerable inﬂuence on the crystallite size of SnO2 hollow
microspheres. It should be noted that it is diﬃcult to form

hollow microspheres when the Sn/Si molar ratio was decreased
to 0.25. The SEM and TEM images of SnO2-200-0.25 are
displayed in Figure S1 in the Supporting Information.
The speciﬁc surface area and pore-size distribution are two
key factors for the gas sensing materials in sensor application;
therefore, the speciﬁc surface area and porosity property of the
SnO2 hollow microspheres were characterized by nitrogen
adsorption and desorption method. Figure 4 shows the N2
adsorption−desorption isotherms and the corresponding poresize distribution curves of all samples. In all cases, typical III
isotherm with H3-type hysteresis loops (P/P0 > 0.5) are
observed, indicating the presence of mesopores in all samples.
This type of hysteresis loops does not exhibit any limiting
adsorption at the high P/P0 region, which is commonly
attributed to particle aggregates with slit-shaped pores.
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Figure 5. Response of SnO2 hollow microspheres to 50 ppm acetone at diﬀerent operating temperature.

SnO2 nanoparticles, and the adsorbed oxygen species (O2−, O−,
and O2−) are generated by acquiring electrons from the
conduction band when SnO2 hollow spheres are heated in air,
as represented in eq 1, 2, 3, and 4.24,25 Upon exposure to
acetone, acetone gas molecules can react with the adsorbed
oxygen species on the outer and inner surface of SnO2 hollow
spheres, and CH3C+O, CH3O−, C+H3, CO, and CO2 are
formed, as shown in eq 5, 6 and 7.26 Acetone molecules donate
electrons to the previously adsorbed oxygen species. Thus,
electrons are released into the conduction band of the
materials, thereby reducing the resistance of SnO2 hollow
spheres. The sensing mechanism of SnO2 hollow spheres to
acetone is illustrated in Scheme 2.

Interestingly, the pore size of the SnO2 hollow microspheres
increases markedly with the decrease of the diameter of the
sphere and the amount of Na2SnO3 (inset in Figure 4).
Typically, the hollow microspheres give a complete mesopore
distribution in the range of 4.28−6.66 nm, and the average pore
diameter of SnO2-200-0.5 reaches 6.66 nm, which is the largest
among these samples. Moreover, SnO2-200-0.5 possesses the
maximum speciﬁc surface area (122.65 m2·g−1), which is much
larger than that of SnO2-500-0.3 (103.59 m2·g−1), SnO2-7000.23 (92.56 m2·g−1), SnO2-200-1 (110.02 m2·g−1) and SnO2200-1.5 (81.30 m2·g−1).
It is well-known that the response of resistive sensors is
considerably aﬀected by the operating temperature. To obtain
the optimal operating temperature, the sensing responses of
sensors are recorded at operating temperatures of 155, 175,
200, 230, 255, and 290 °C with 50 ppm acetone, and the results
are shown in Figure 5A. It can be seen that the response
increases ﬁrst and then decreases when the operating
temperature increases from 155 to 290 °C. It is obvious that
SnO2-200-0.5 has the highest response to acetone among the
investigated samples, and the response reaches the highest
value of 15 at 200 °C. Therefore, the optimal operating
temperature for SnO2-200-0.5 is 200 °C. The gas sensing
response is related to the adsorption, desorption, and reaction
of the target gas on the surface of sensing material. SnO2-2000.5 has a higher speciﬁc surface area, resulting in more active
sites on the surface for physical or chemical absorption of gases
and increasing the reaction opportunity between gas molecules
and gas sensing materials. In addition, the wider pore diameter
can facilitate the diﬀusion of gas onto the surface of materials,
and the smaller crystallite size is also beneﬁcial to the gas
sensing response. Although SnO2-200-0.25 has a larger speciﬁc
surface area and smaller crystal size than SnO2-200-0.5 and
SnO2-200-1, its sensing sensitivity toward acetone is considerably lower than SnO2-200-0.5 and SnO2-200-1, indicating
that the hollow structure is vital for improving the sensing
sensitivity of SnO2 material. The sensing response of SnO2
hollow microspheres with diﬀerent diameters are illustrated in
Figure 5B. It can be seen that the response decreases with the
increase of the diameter because the surface/volume ratio
decreases when the diameter becomes larger (the shell
thickness of SnO2-500-0.3 and SnO2-700-0.23 is 10.52 and
7.86 nm, respectively), reducing the adsorption and reaction
chances of gases on the surface of SnO2.
The sensing mechanism of the SnO2 hollow spheres to
acetone is based on the surface conduction modulation by the
adsorption and desorption of gas molecules on the surface of
materials. Oxygen molecules are adsorbed on the surface of

O2 (gas) → O2 (ads)
−

(1)
−

O2 (ads) + e → O2 (ads)

(2)

O2−(ads) + e− → 2O−(ads)

(3)

O−(ads) + e− → O2 −(ads)

(4)

CH3COCH3(gas) + O− → CH3C+O + CH3O− + e−
(5)
+

+

CH3C O → C H3 + CO

(6)

CO + O− → CO2 + e−

(7)

Another issue we would like to emphasize is the selectivity of
SnO2-200-0.5. It has been reported that gas sensors based on
semiconductor metal oxides are often sensitive to several gas
species simultaneously, which is adverse for their practical
Scheme 2. Schematic Diagram of Acetone Sensing
Mechanism of SnO2 Hollow Spheres
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Figure 6. (A) Response of SnO2-200-0.5 to various gases with concentration of 50 ppm at 200 °C; (B) response curve and linear ﬁtting curve of the
sensing response of SnO2-200-0.5 to acetone with diﬀerent concentration at 200 °C.

Figure 7. (A) Response and recovery times, and (B) response stability of SnO2-200-0.5 toward 50 ppm acetone at 200 °C.

the obtained results are shown in Figure 6B. It can be observed
that the sensing response increases nearly linearly when the
concentration of acetone increases from 5 to 160 ppm. The
sensing response toward 5 ppm acetone reaches 2.4, indicating
that SnO2-200-0.5 can be potentially used as sensing material
for detecting acetone at low concentration. The response and
recovery times are another key factor for gas sensors. Figure 7A
shows that the response and recovery times of SnO2-200-0.5
toward 50 ppm acetone in air atmosphere are about 5 and 7 s as
marked in the graph, respectively. It should be noted that
SnO2-200-0.5 showed a relatively high resistance of 360 MΩ
because of its hollow structure and small crystallite size which
beneﬁts the formation of an electron depletion layer in the
whole nanocrystallite, favoring the improvement of a sensing
response. The response stability of the sensor is very important
for its practical applications. It can be seen that SnO2-200-0.5
maintains high sensing response (larger than 15) to 50 ppm
acetone during the sensing stability test (Figure 7B), indicating
SnO2-200-0.5 is expected to have good long-term stability,
which beneﬁts its practical application. In comparison with
SnO2-based sensors reported previously, both response and
recovery times are much shorter than most of the reported
times as summarized in Table 1. Therefore, SnO2-200-0.5
shows excellent gas sensing performance, such as lower optimal
operating temperature, higher sensing response, and faster
response and recovery.

applications. Figure 6A shows the gas sensing response of
SnO2-200−0.5 to diﬀerent gases with concentration of 50 ppm
at 200 °C. Obviously, the response toward acetone is much
higher than that toward benzyl alcohol, formaldehyde, toluene,
xylene, ethylbenzene, dichloromethane, chlorobenzene, and
ammonia. SnO2-200-0.5 exhibits a maximum response to
acetone with a value of 15, while for others gases, the responses
do not exceed 6. It is well-known that the sensing response is
associated with the adsorption and reaction of gas molecules on
the sensing materials. On one hand, the polar nature of the
surface of the SnO2 hollow sphere will facilitate the adsorption
of polar molecules. Hence, acetone, benzyl alcohol, formaldehyde, dichloromethane, ammonia, and chlorobenzene are
much easier to be adsorbed on the surface of SnO2 than
toluene, xylene, and ethylbenzene. On the other hand, the bond
dissociation energy of CH3−COCH3 (352 kJ·mol−1) is smaller
than that of HO−CH2C6H5 (366 kJ·mol−1), H−COH (368 kJ·
mol−1), H−CH2C6H4CH3 (367 kJ·mol−1), H−CH2C6H5 (371
kJ·mol−1), H−CHCl2 (407 kJ·mol−1), H−NH2 (452 kJ·mol−1),
and H−C6H5 (472 kJ·mol−1), suggesting that acetone is easier
to react with the adsorbed oxygen species than other gas
molecules. Therefore, more acetone molecules can react with
the adsorbed oxygen species and can release more electrons
than other gas molecules. As a result, the SnO2 hollow
microsphere has good sensing response and selectivity to
acetone.
The sensing responses of SnO2-200-0.5 to acetone with a
concentration of 5, 10, 20, 40, 80, and 160 ppm were tested in
sequence at the optimal operating temperature of 200 °C, and
3593
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Table 1. Sensing Performance of SnO2 Materials to Acetone
Reported and in This Work
materials

(ppm)

temp
(°C)

response

response and
recovery time
(s)

SnO2 nanotube
SnO2 nanoparticles
SnO2 nanomaterial
Aurelia-like SnO2
Hollow SnO2
nanobelts
Square-shaped SnO2
nanowires
SnO2 nano
polyhedrons
Ce-doped SnO2
hollow spheres
Hierarchical αFe2O3/SnO2
composites
SnO2 hollow spheres

20
200
100
10
5

350
240
250
240
260

6.4
28.2
18.5
4.7
5.7

10/9
−/−
4.3/156.3
2/23
38/9

12
27
28
29
30

20

290

5.5

7/10

15

200

370

48

9.7/5.8

14

100

250

11.9

18/7

20

100

250

16.8

3/90

31

50

200

16

5/7

this
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4. CONCLUSIONS
SnO2 hollow microspheres were prepared through a simple
method by using SiO2 microspheres as a template and Na2SnO3
as a tin source. The diameter of the SnO2 hollow microspheres
can be easily tuned from 200 to 700 nm by using SiO2
microspheres with size from 200 to 700 nm, and the shell
thickness of the hollow microspheres can be adjusted in the
range of 7−33 nm by controlling the deposition amount of
Na2SnO3. Gas sensors fabricated from the as-prepared SnO2
hollow microspheres exhibited excellent acetone sensing
performance. Acetone sensing tests showed that the sensing
response of SnO2 hollow microspheres to acetone increases
with the decrease of the diameter, the shell thickness, and the
crystal size of SnO2 hollow microspheres, because the small
diameter and thin thickness of microspheres facilitate the
diﬀusion of gases, and the small crystal size of SnO2 beneﬁts the
adsorption and reaction of gases on the surface of SnO2.
Besides, SnO2 hollow microspheres also possess the advantages
of low operating temperature, high sensing selectivity, fast
response and recovery, and good stability. Therefore, such
SnO2 hollow microspheres would have potential applications in
the ﬁelds of sensors.
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