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ABSTRACT: In this study, double-shell composites consist-
ing of inner ZnO hollow microspheres (ZHS) surrounded by
outer ZnFe2O4 nanosheets were successfully synthesized. The
growth of the ultrathin ZnFe2O4 nanosheets (∼10 nm) on the
ZHS outer surface was carried out at room temperature via
solution reactions in order to generate a double-shell
configuration that could provide a large surface area. As a
proof-of-concept demonstration of the design, a comparative
sensing investigation between the sensors based on the as-
obtained ZnO/ZnFe2O4 composites and its two individual
components (ZnO hollow spheres and ZnFe2O4 nanosheets)
was performed. As expected, the response of the ZnFe2O4-decorated ZnO composites to 100 ppm acetone was about 3 times
higher than that of initial ZnO microspheres. Moreover, a dramatic reduction of response/recover time has been achieved at
different operating temperature. Such favorable sensing performances endow these ZnO/ZnFe2O4 heterostructures with a
potential application in gas sensing.
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1. INTRODUCTION

Oxide semiconductors, as promising candidates for gas-sensing
materials, have been paid tremendous attention owing to their
unique features like high sensitivity, low cost, controllable
preparation, and facile integration.1,2 Over the past few decades,
numerous metal oxide semiconductors (MOS) have been
developed for gas sensing. According to their majority charge
carrier, these oxide semiconductors were broadly divided into
n-type MOS (such as In2O3, SnO2, ZnO, Fe2O3, WO3, etc.)

3−6

and p-type MOS (such as NiO, Co3O4, and CuO).7−10

Although much progress has been made, these pure single-
component MOS still suffer from some drawbacks arising from
their limited physical or chemical characters, which will hinder
their further application in high-performance gas sensors. In
virtue of their tunable chemical composition and synergistic
properties, heterostructured composites are expected to exhibit
much more excellent sensing performance. In this case,
expanding the sensing materials from single-component MOS
to multicomponent heterostructure has become more and
more fascinating. Thus, the main focus of current studies is
directed toward constructing heterostructures with different
components. Up to now, various hybrid composites, such as
ZnO/SnO2,

11 Co3O4/TiO2,
12 NiO/WO3,

13 SnO2/α-Fe2O3,
14

and CuO/ZnO,15 have been obtained, and a series of inspiring
properties that derived from the heterojunction between the
individual components have been observed. The constant need
for gas sensors with high sensitivity, fast response/recovery
speed, low operating temperature, and good stability continues

to stimulate the progress of gas sensing. Therefore, to achieve
these desired performances of gas sensor, it is very important to
make efforts in the rational design and synthesis of novel gas-
sensing materials.
ZnO, a well-known n-type semiconductor material, has been

well studied and applied in detection of many toxic gases
including CO,16 NH3,

17,18 NOx,19−21 and volatile organic
compounds (VOC) gases.22−24 Unfortunately, in spite of its
multifunctional applications in the field of gas sensor, the broad
sensitive characteristics make ZnO lose the selectivity to a
certain gas. Therefore, improving the selectivity of oxide
semiconductor remains a great challenge. Recently, various
ternary oxide semiconductors with spinel structure, such as
ferrites (MFe2O4, M = Cu, Mg, Zn, Ni, Cd), have stimulated
great interest because of their excellent performance in many
fields, such as gas sensors,25,26 magnetic materials,27,28 photo-
catalysis,29,30 Li-ion batteries,31−33 and photoelectrodes.34

Among these ternary oxides, zinc ferrite (ZnFe2O4) has been
demonstrated to be a promising candidate for gas sensing due
to its excellent selectivity and/or high response to a specific
target gas.35,36 Considering the fact that enhanced perform-
ances of gas sensor usually can be achieved by combining the
single-component oxides together, it is reasonable to expect
that decorating the surface of ZnO with ZnFe2O4 would be an
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efficient way to enhance the properties of pure ZnO. Recently,
various strategies have been explored to synthesize the
heterostructures, and some of them have been demonstrated
to be reproducible.37−39 However, some serious disadvantages,
such as sophisticated synthetic procedures, long reaction time,
and rigid environmental conditions, are hindering their further
practical application. Therefore, developing a more facile
strategy for preparing heterostructures is still a fundamental
issue in materials science.
In this current work, ZnO/ZnFe2O4 double-shell structures

have been synthesized using a mild method which involves the
microwave-assisted synthesis of ZnO hollow microspheres and
the subsequent decoration with homogeneous ZnFe2O4
nanosheets. It is worth mentioning that these ultrathin
ZnFe2O4 nanosheets can be easily decorated on the surface
of ZnO by simply stirring at ambient temperature (25 °C).
Moreover, for the convenience of comparison, the gas-sensing
performances of ZnO/ZnFe2O4 composites, pristine ZnO
microspheres, and pure ZnFe2O4 nanosheets were all
investigated. As expected, the results reveal that the sensor
based on as-prepared ZnO/ZnFe2O4 exhibited much more
excellent sensing properties in terms of sensitivity, selectivity,
operating temperature, and response/recover speed.

2. EXPERIMENTAL PROCEDURE
All of the chemical reagents involved in this experiment were
purchased from Beijing Chemicals Co. Ltd. of China and directly used
as received without further purification. The designed experimental
procedure is schematically illustrated in Figure 1.
2.1. Synthesis of Material. Synthesis of ZnO Hollow Micro-

spheres. The ZnO hollow microspheres were first synthesized
according to our previous work with some modification.23 In a typical
process, 200 mL of aqueous solution containing 5 mmol of zinc
acetate dihydrate (Zn(CH3COO)2·2H2O) and 0.2 mmol of trisodium
citrate dihydrate (Na3C6H5O7·2H2O) was first prepared at room
temperature. Then, 6 mL of ammonia (30 wt % NH3 in water) was
added into the above solution. After thorough mixing, the resulting
transparent solution was transferred into a three-necked flask and
maintained at 90 °C for 40 min with the assistance of microwave
heating (300 W, MAS-II, Shanghai Xinyi Ltd.). After the reaction, the
white products were collected and washed by centrifugation several
times before being vacuum-dried at 60 °C.
Synthesis of ZnO@ZnFe2O4 Double-Shell Heterostructures. Fifty

milligrams of as-synthesized ZnO microspheres were dispersed into 47
mL of deionized water by ultrasonication, followed by addition of 3
mL of FeSO4 solution (0.5 M). After constant stirring for 5 min, the
resulting suspension was collected via centrifugation, washed with
ethanol and deionized water several times, and dried at 60 °C. Finally,
the precipitate was calcined at 550 °C for 3 h to obtain the ZnO/
ZnFe2O4 double-shell heterostructure.

2.2. Characterization. X-ray powder diffraction (XRD) analysis
was performed on a Rigaku D/max-2550 X-ray diffractometer with Cu
Kα radiation (λ = 1.5406 Å), and the corresponding data was collected
at 40 kV in the range of 20−80° (2θ). The surface morphology and
microstructure of the products were observed using a JEOL JSM-
7500F microscope, which was operated at 15 kV. Transmission
electron microscopy (TEM) and high-resolution transmission electron
microscopy (HRTEM) images were recorded on a JEOL JEM-2100F
microscope with an accelerating voltage of 200 kV. The distribution of
elements in crystal was characterized by an energy dispersive X-ray
spectrometer (EDS) that was attached on TEM. The chemical
composition was determined by using inductively coupled plasma
(ICP) analysis that was characterized by a Perkin Elmer Optima 3300
DV ICP instrument. The specific surface areas of the obtained
products were estimated based on the nitrogen adsorption−desorption
isotherm, which was measured on a Gemini VII surface area and
porosity system at 77 K. Pore diameter distribution was calculated by
Barrett−Joyner−Halenda method using the desorption branch of the
isotherms.

2.3. Fabrication and Measurement of Gas Sensors. Gas
sensors based on the bare ZnO microspheres, pure ZnFe2O4
nanosheets, and ZnO/ZnFe2O4 composites were fabricated, and the
detailed fabrication procedure of sensor devices was as follows: the as-
synthesized sensing material was first mixed with deionized water to
form a homogeneous paste and then coated onto a ceramic tube, at
each end of which a pair of gold electrodes had been previously
installed. In order to control the operating temperature of the sensor, a
Ni−Cr alloy coil was inserted through the ceramic tube as a heater.
After connecting the corresponding leads to the tube base, the sensor
was finally constructed. The sensing properties of gas sensor were
measured on a static system under laboratory conditions. Here, the
response (S) of the sensor was defined as S = Ra/Rg, where Ra and Rg
are the resistance value of gas sensors when exposed in air and in
reducing gases. The response time and recovery time were defined as
the time taken by the sensor to achieve 90% of the total resistance
variation in the case of adsorption and desorption, respectively.

3. RESULTS AND DISCUSSION

3.1. Structural and Morphological Characteristics. The
phase composition and purity of the as-synthesized products
were characterized by powder X-ray diffraction (XRD). Figure
2 shows the typical XRD pattern of the as-synthesized hollow
ZnO microspheres and ZnO/ZnFe2O4 composite. As can be
seen, all of the diffraction peaks of ZnO sample (Figure 2a)
matched well with those from standard wurtzite structured
ZnO (JCPDS no. 36-1451). No other crystalline phase
corresponding to impurity was detected, which indicated that
the product had a high purity. For the composites, the
diffraction peaks (Figure 2b) display a mixed crystal phases of
ZnO and ZnFe2O4; besides the peaks being indexed to wurtzite
structured ZnO with lattice parameters a = 3.249 Å and c =
5.206 Å, the residual peaks were in good agreement with those

Figure 1. Schematic illustration of the formation of ZnO/ZnFe2O4 heterostructure using a facile two-step method.
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from the standard card no. 89-1010, that is, could be indexed as
cubic spinel ZnFe2O4 with lattice constants of a = 8.429 Å. By
contrast, the peaks of ZnFe2O4 were weaker than those of ZnO
in the composite, probably because of the large content of ZnO
and/or the overlap of ZnFe2O4 and ZnO peaks. But obviously,
it should be noted that the color of bare ZnO is very different
from that of ZnO/ZnFe2O4, from which the decoration of
pristine ZnO with ZnFe2O4 got confirmed (insets of Figure 2).
To further verify the composition of the outer shell of as-

obtained sample, the ZnO core of ZnO/ZnFe2O4 composites
was designed to be removed by etching the ZnO/ZnFe2O4
composites using ammonia solution, because of the fact that
ZnO is soluble in ammonia solution. From the XRD pattern
shown in Figure S1 (Supporting Information), it can be seen
that all of the diffraction peaks could be indexed to ZnFe2O4
and that there was no diffraction peaks corresponding to ZnO
left. Figure S2a and b display the SEM images of the ZnFe2O4
product, from which it can be found that the morphology of
ZnFe2O4 still kept the sheetlike microstructure. The typical
TEM image and the corresponding elemental mapping images
of ZnFe2O4 nanosheets shown in Figure S3a−d indicate that
the elements of Zn, Fe, and O were uniformly distributed
within the ZnFe2O4 nanosheets. In addition, the EDS spectrum
of Figure S3e also confirmed the coexistence of the above-
mentioned three kinds of chemical elements. To accurately
measure the chemical composition of these nanosheets,
quantitative elemental analyses regarding the ZnFe2O4 nano-
sheets were measured by EDS (Table S1) and ICP (Table S2).

As can be seen, both of the analysis results showed that the
atomic ratio of Zn/Fe was about 1:2, which further confirmed
the component of the outer shell being ZnFe2O4.
The detailed morphologies and microstructures of pristine

ZnO were investigated by FESEM and TEM. As can be seen
from Figure 3a, the as-prepared ZnO product exhibited uniform

size with spherical architectures. The high-magnification
FESEM images (Figure 3b) indicated that these pristine ZnO
microspheres had a clean surface and their average diameter
was about 2.5 μm. Figure 3c presents the cross section of a
single ZnO microsphere, from which the internal hollow
architecture could be clearly identified and the inner diameter
was observed to be ∼1 μm. To get more detailed structural
information on such microspheres, the TEM and HRTEM
observations were carried out. As can be seen from the typical
TEM image (Figure 3d), the hollow nature of these ZnO
microspheres got further confirmed by the different contrast
between the light center and the dark fringe. Figure 3e and its
inset are the HRTEM images taken from the surface of
spherical shell, and it can be seen that the obtained ZnO was
highly crystallized and the marked interplanar spacing between
the adjacent lattice fringes was 0.26 nm, which can be readily
indexed to the {0002} planes of the wurtzite ZnO.
Considering that gas sensing is a surface-related phenomen-

on, the dense and clean surface of pure ZnO microspheres
cannot provide enough active sites for gas adsorption and
sensing reaction. Thus, we did some modification to these
pristine ZnO microspheres. After immersing these pristine ZnO
microspheres into FeSO4 solution for only 5 min at ambient
temperature, a thin layer of ZnFe2O4 nanosheets uniformly
grew on the surface of ZnO hollow spheres. As can be seen
from Figure 4a, the as-synthesized ZnO/ZnFe2O4 hetero-
structures were well-dispersed and kept the initial spherical
architecture. The enlarged SEM image (Figure 4b) reveals that
many randomly arranged nanosheets were attached on the
surface of ZnO microspheres, resulting in a more porous and

Figure 2. XRD patterns of as-prepared samples together with the
standard diffraction patterns: (a) hollow ZnO microspheres, (b) ZnO/
ZnFe2O4 composites.

Figure 3. (a, b) Low- and high-magnification SEM images of bare
ZnO; (c, d) cross-sectional SEM view and TEM image of hollow ZnO
microspheres; (e) HRTEM image of ZnO crystal attached on the
surface of bare ZnO.
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complex surface. Figure 4c clearly displays the structure of the
obtained 2D ZnFe2O4 nanosheets. It can be seen that these
nanosheets were ultrathin and the average thickness of
nanosheets was about 10 nm. When characterized using

transmission electron microscope (Figure 4d), a distinctive
bilayer structure consisting of a hollow ZnO core and thin
ZnFe2O4 shell could be easily identified. The high-magnifica-
tion TEM image (Figure 4e) confirmed that ZnFe2O4
nanosheets merged well with ZnO core and the thickness of
ZnFe2O4 shell was about 100 nm. Figure 4f presents a HRTEM
image of ZnFe2O4 nanosheets located on the surface. The
lattice spacing was measured to be 0.254 nm, which was
consistent with the distance between the {311} planes of the
cubic ZnFe2O4. To further identify the spatial distribution of Fe
and Zn in the ZnO/ZnFe2O4 heterostructure (shown in Figure
4g), the corresponding elemental mappings were recorded in
Figure 4h and i. It can be seen that the signals of Fe were
mainly detected in the shell region and seldom in the core
region. On the contrary, for Zn element, most of signals
concentrated in the core region, and a few of them came from
the shell region.
Since the porous characteristics of the as-synthesized samples

has important influence on the gas-sensing performance, the
BET surface area and pore-size distribution were investigated
based on nitrogen adsorption−desorption isotherms, as shown
in Figure 5. The BET surface areas of hollow ZnO and ZnO/
ZnFe2O4 core−shell structure were calculated to be 13.7 and
53.8 m2 g−1, respectively. The pore size of the obtained samples
were mainly distributed around about 60−90 nm. On the basis
of above results, it is obvious that ZnO/ZnFe2O4 hetero-
structure has much larger surface area than the pristine ZnO
microspheres, which directly confirmed the significance of
designing and synthesizing such novel heterostructure.

3.2. Gas-Sensing Characteristics. To demonstrate these
novel ZnO/ZnFe2O4 composites might bring about more
excellent sensing properties, gas sensors based on the as-
prepared ZnO/ZnFe2O4, ZnO hollow spheres and ZnFe2O4
nanosheets were fabricated and their gas sensing properties
were investigated (Details about the preparation ZnFe2O4
nanosheets are presented in the Supporting Information).
Operating temperature is one of the most important criterions
for a successful gas sensor. Many processes associated with gas
sensing, such as adsorption/desorption of gases and surface
reactions, are subject to the operating temperature. Therefore,
we have to start the various sensing tests from the temperature-
dependent behavior. Figure 6a displays the response of the
sensors to 100 ppm acetone as a function of operating

Figure 4. Structural characterizations of ZnFe2O4-decorated ZnO
heterostructures: (a−c) SEM images at different magnification, (d, e)
TEM images, (f) HRTEM image, (g) scanning TEM image, and (h, i)
elemental mapping images.

Figure 5. Nitrogen adsorption/desorption isotherms and pore size distribution of as-obtained products: (a) ZnO microspheres; (b) ZnO/ZnFe2O4
heterostructures.
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temperature. As can be seen from the results, with the increase
of operating temperature, all of the tested sensors showed an
“increase−maximum−decrease” pattern. Generally speaking, if
the temperature imposed on gas sensor was low, the reaction
between tested gas molecules and surface adsorbed oxygen
species was too inert to give a high response. As the operating
temperature increased, the overall reaction was accelerated and
thus led to a significant enhancement of response. However,
compared with the rapid reaction on the surface of sensing
materials, the diffusion of tested gases became limited at much
higher temperature. Once the tested gases diffused to the
material surface, they would be reduced/oxidized rapidly
without affecting the electrical conductivity of the sensing
layer. As a result, the response of the sensor became low
again.4,40 For the sensor based on hollow ZnO microspheres,
the maximum response appearing at its optimum operating
temperature (350 °C) was 5.4. For the sensor based on
ZnFe2O4 nanosheets, the maximum response to 100 ppm
acetone was 9.1, which was obtained at 225 °C. When the
working temperature was 250 °C, the sensor based on ZnO/
ZnFe2O4 composites reached its maximum response of 16.8. By
contrast, it is noteworthy that the optimum operating
temperature of the sensor based on ZnFe2O4 and ZnO/
ZnFe2O4 composites was much lower than that of the sensor
based on pure ZnO. Notably, though the optimum operating
temperature of ZnO/ZnFe2O4 composites was slightly higher

than that of ZnFe2O4 nanosheets, the ZnO/ZnFe2O4
heterostructure exhibited about 1.8 and 3 times enhancement
in gas response to 100 ppm acetone in comparison to ZnFe2O4
nanosheets and ZnO hollow microspheres, respectively.
As another important criterion of gas sensors, the selectivities

of the three kinds of sensors were investigated by comparing
the responses to a variety of volatile organic compound gases,
such as acetone, ethanol, methanol, formaldehyde, benzene,
toluene, and dimethylbenzene. As can be seen from Figure 6b,
the responses of pristine ZnO hollow microspheres and
ZnFe2O4 nanosheets toward acetone were relatively low and
quite similar to the other interfering gases, which make the
selective detection of acetone difficult when working at the
optimum operating temperature. In stark contrast to the
pristine ZnO or pure ZnFe2O4, the sensor based on ZnO/
ZnFe2O4 composites showed much higher response toward
acetone in comparison to other tested gases. From this
perspective, the present sensor based on ZnO/ZnFe2O4
composites can be a better candidate for the selective detection
of acetone gas.
In addition, further analyses regarding to the three gas

sensors versus different concentrations of acetone were carried
out, and the results are presented in Figure 7a. As can be seen,
the responses of the gas sensors gradually increased as the
acetone concentration increased from 5 to 700 ppm. Given that

Figure 6. (a) Temperature-dependent gas-sensing responses of ZnO
hollow microspheres, ZnFe2O4 nanosheets, and ZnO/ZnFe2O4
composites. (b) Selectivities of three kinds of sensors upon exposure
to 100 ppm of various interfering gases at their optimum operating
temperature.

Figure 7. (a) Gas responses of the sensors based on bare ZnO, pure
ZnFe2O4, and ZnO/ZnFe2O4 composites as a function of acetone
concentration from 5 to 700 ppm. (b) Response and recover times
versus operating temperature of pristine ZnO microspheres and
ZnFe2O4-decorated ZnO heterostructures.
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the value of response (Ra/Rg > 2) was usually chosen as the
criterion for a valid response,41 it is thus expected that the three
gas sensors based on bare ZnO, pure ZnFe2O4, and ZnO/
ZnFe2O4 composites were capable of detecting acetone
concentration as low as 5 ppm. Moreover, it is worth noting
that the response of the sensor based on ZnO/ZnFe2O4
composites displayed a much faster growth rate and quite
improved response compared to its two counterparts.
Evidently, simply by some modifications on the surface of
bare ZnO, the gas-sensing performance toward acetone can be
effectively improved. Moreover, to shed light on whether the
different molar ratios of ZnFe2O4 to ZnO will have an influence
on the sensing properties, two other ZnO/ZnFe2O4 composites
were synthesized (Table S3 and Figure S4) and investigated as
acetone gas sensors. Figure S5a presents the sensors based on
as-synthesized pure ZnO and ZnO/ZnFe2O4 composites to
100 ppm acetone at different operating temperature. It can be
observed that the gas-sensing performances were all improved
after the decoration with ZnFe2O4 nanosheets. However, due
to the differences in coverage of ZnFe2O4, the gas responses
between these ZnO/ZnFe2O4 composites were a little different.
In addition, when the sensors were working at the optimal
operating temperature, the sensor based on S2 exhibited the
highest responses under different acetone concentration, as
shown in Figure S5b. Thus, the sensing material S2 was
selected as the optimal ZnO/ZnFe2O4 heterostructure in this
work.
As mentioned previously, the increase of operating temper-

ature can facilitate and accelerate the gas-sensing reaction; thus,
the rates of response/recover at different operating temperature
were also investigated (Figure 7b). Obviously, the response/
recover times were temperature-dependent and markedly
reduced with the increase of temperature. In comparison to
the pristine ZnO hollow microspheres, the sensors using as-
prepared ZnO/ZnFe2O4 composites exhibited a faster response
and recover characteristics. For example, when the sensor based
on ZnO/ZnFe2O4 composites worked at optimum operating
temperature (250 °C), the response and recover time were only
1 and 33 s respectively, while the response and recover times
taken by the sensor based on pristine ZnO were as long as 11
and 66 s at the same temperature. From the view of practical
application, the fast response/recover behaviors make ZnO/
ZnFe2O4 composites more suitable for gas detection.
Furthermore, their response/recover behavior could be well
repeated, and there is no clear attenuation in response upon
alternately exposed to air and 100 ppm acetone gas for several
cycles. This quite similar transients observed here indicated the
good repeatability and stability of the as-fabricated sensor
(Figure 8).
3.3. Gas-Sensing Mechanism. It is well-known that gas

sensing is a surface-related phenomenon, and up to now, the
most popular and widely accepted sensing principle is based on
the change of sensor resistance arising from the adsorption/
desorption of gaseous molecules and the interaction among
these absorbed gas molecules on the surface of sensing film.40,42

For the sensors based on bare ZnO hollow spheres, upon
exposure to air, oxygen molecules would be adsorbed on the
inner/outer surface of the ZnO and ionized to the chemisorbed
oxygen species (O2−, O−, or O2

−) by capturing free electrons
from the conduction band of ZnO. As a result, along with the
formation of electron depletion layers on the surface domains
of ZnO, the conductivity of the sensor was also decreased. If
reducing gas like acetone was introduced at this moment, these

gas molecules would react with adsorbed oxygen species, eq 1,
and the electrons trapped by the oxygen adsorbates were
reinjected into the conduction band, which eventually led to a
remarkable decrease of the resistance.

+ ↔ + +− −CH COCH 8O 3CO 3H O 8e3 3 2 2 (1)

For ZnFe2O4-decorated ZnO hybrid composite, in virtue of
its unique structural characteristics, the present ZnO/ZnFe2O4
composites exhibit much larger special surface area in
comparison to the bare ZnO hollow microspheres (Figure 5).
Therefore, by contrast, ZnO/ZnFe2O4 composites possess
more reaction sites and the quantity of absorbed oxygen species
on the surface was increased, which finally led to a high
sensitivity. Furthermore, the well-aligned ZnFe2O4 nanosheets
on the outsides endow ZnO/ZnFe2O4 composites a porous
surface, which can significantly facilitate the diffusion of the
oxygen and test gases toward active sites. As a consequence,
faster response and recover transients of ZnO/ZnFe2O4
composites were obtained. Meanwhile, the heterojunctions
between ZnFe2O4 nanosheets and ZnO microspheres also
contributed a lot to the enhanced performance. According to
the theory of semiconductor physics, when two different metal
oxides contact each other, carrier depletion layers will emerge
near the interfaces. Hence, the barrier height of ZnO/ZnFe2O4
composites increased significantly, which eventually resulted in
an obvious increase in the sensor resistance (as shown in Figure
8). Because the definition of response was depicted as the ratio
of Ra/Rg, the high value of initial resistance is beneficial to
increasing the response of gas sensor.43 As a result, the sensor
based on ZnO/ZnFe2O4 heterostructure showed better sensing
performance compared with the bare ZnO microspheres.

4. CONCLUSIONS
In conclusion, ZnO/ZnFe2O4 microstructures with a distinctive
double−shell configuration have been successfully prepared by
a mild two-step method, which involved the microwave-assisted
synthesis of ZnO hollow microspheres and subsequent
modification with ZnFe2O4 nanosheets at room temperature.
The present method is believed to be applicable to synthesize
other ZnO/ZnFe2O4 heterostructures with various morpholo-
gies. When tested as a potential sensing material for gas sensing,
the as-prepared ZnO/ZnFe2O4 composites exhibited a
remarkable enhancement compared to the individual ZnO
and ZnFe2O4 components in many aspects, such as sensitivity,
operating temperature, and response/recover behavior. The

Figure 8. Dynamical response transients of ZnO/ZnFe2O4 composites
and ZnO hollow spheres to 100 ppm acetone at 250 °C.
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enhanced sensing performances of ZnFe2O4-decorated ZnO
were most likely ascribed to three factors. First, the quantity of
reaction sites and absorbed oxygen species on the surface was
obviously increased owing to the large special surface area of
ZnO/ZnFe2O4 composites. Second, the gases diffusion rate was
considerably enhanced with the assistance of the porous
ZnFe2O4 layer. Third, the initial resistance of ZnO/ZnFe2O4
was significantly increased along with the formation of
heterojunction between the two metal oxides.
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