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ABSTRACT: A novel hierarchical heterostructure of α-Fe2O3
nanorods/TiO2 nanofibers with branch-like nanostructures
was fabricated using a simple two-step process called the
electrospinning technique and hydrothermal process. A high
density of α-Fe2O3 nanorods (about 200 nm in diameter) was
uniformly deposited on a TiO2 nanofibers backbone. The
phase purity, morphology, and structure of hierarchical
heterostructures are investigated by X-ray diffraction (XRD),
field emission scanning electron microscopy (FESEM),
transmission electron microscopy (TEM), and energy-
dispersive X-ray (EDX) analysis. The highly branched α-
Fe2O3/TiO2 heterostructures provided an extremely porous
matrix and high specific surface area required for high-performance gas sensors. Different nanostructured α-Fe2O3/TiO2
heterostructures are also investigated by controlling the volume ratio of the reactants. The α-Fe2O3/TiO2 heterostructures with a
proper mixture ratio of the reactants sensor exhibit obviously enhanced sensing characteristics, including higher sensing response,
lower operating temperature, faster response speed, and better selectivity in comparison with other ones. Moreover, the α-
Fe2O3/TiO2 heterostructures sensor also exhibits excellent sensing performances compared with α-Fe2O3 nanorods and TiO2
nanofibers sensors. Thus, the combination of TiO2 nanofibers backbone and α-Fe2O3 nanorods uniformly decorated endows a
fascinating sensing performance as a novel sensing material with high response and rapid responding and recovering speed.
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1. INTRODUCTION

Recently, a one-dimensional (1D) semiconducting metal oxide
nanostructure has been the focus of further study because of
their novel properties and wide use in optics, electronics, gas
sensors, and so on.1−5 In particular, metal oxides (In2O3, SnO2,
and TiO2 nanowires) due to their attractive electrical and
optical properties have been extensively researched in the gas
sensing field.6−8 Although exciting results have been reported,
for the sensors based on 1D nanostructures, the challenge to
improve the sensitivity and selectivity still exists. Nowadays,
several methods have been concentrated on for improving their
response and selectivity, including noble metal functionaliza-
tion, element doping, photoluminescence, and other metal
oxides loaded onto support material formed heterostructure
constructing.9−15 Actually, branched 1D nanostructures assem-
bly of nanoscale building blocks with a tunable dimension and
structure complexity provide both large specific surface
materials and multifunctional nanomaterials.16

Branched 1D heterostructures composed of stem 1D
nanomaterials and grown branch 1D nanomaterials have been
widely used due to their fascinating physical and chemical
properties, such as solar cell,17 photodetectors,18 and field
electron emission.19,20 However, branched 1D nanomaterials
used in gas sensors have rarely been investigated. As an
application of gas sensor, Kim has reported four mechanisms of

stem-branch heterostructure to provide improved sensing
properties. Importantly, when stem-branch heterostructured
nanowires are exposed to target gas molecules, the change in
conductance of stem-branch nanostructures will be greater.21

During the past years, composite nanostructures, which were
combined by α-Fe2O3 and TiO2, such as composite nano-
particles,22 composite nanotubes,23 and core−shell nanostruc-
tures,24 have been reported. A good ethanol-sensing perform-
ance of α-Fe2O3/TiO2 tube-like nanostructures has been
investigated.25 Otherwise, the improved gas-sensing properties
may be due to the heterojunction formed at interface of the α-
Fe2O3 and TiO2 nanostructures which can improve the surface-
depletion effect more easily. However, there still is a challenge
to develop an efficient way for the controllable synthesis of
branched-like α-Fe2O3/TiO2 heterostructures. Clearly, it is
necessary to carry out further studies in this area.
In our work, we report an effective two-step route to

synthesize branched 1D α-Fe2O3/TiO2 heterostructures by a
combination of the electrospinning and hydrothermal method.
First, we introduced an electrospinning technique to prepare
TiO2 nanofibers as substrates. Subsequently, α-Fe2O3 nanorods
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were formed on the TiO2 fibers through hydrothermal
treatment. Excellent trimethylamine (TMA) sensing properties
based on α-Fe2O3/TiO2 heterostructures with different molar
ratio were investigated. Compared with pristine α-Fe2O3 and
TiO2 sensors, the sensors based on α-Fe2O3/TiO2 have higher
response and better selectivity to low concentration TMA at
250 °C. Furthermore, the response/recovery speed for our
sensors is also much shorter. The excellent sensing perform-
ance is probably due to the unique heterostructure of α-Fe2O3/
TiO2.

2. EXERIMENTAL SECTION
2.1. Synthesis Process. The purity of all chemicals was of

analytical grade, and there is no subsequent purification process. Ferric
trichloride, tetrabutyl titanate, ammonia, glacial acetic, and poly-
(vinlypyrrolidone) were purchased from Sinopharm. The experimental
procedure is shown in Figure 1.
Preparation of TiO2 Nanofibers. TiO2 nanofibers were synthesized

following our group’s reported literature;26 2 g of tetrabutyl titanate
and 2 g of glacial acetic were added to 7.5 g of ethanol. In addition,
11.5 wt % of poly-(vinlypyrrolidone) (PVP) solution was introduced
into the above solution under vigorous stirring. After 4 h of stirring at
room temperature, mixed solution was transferred into a syringe for
electrospinning and the applied electric voltage was 20 kV. Composite
PVP/tetrabutyl titanate nanofiber film was annealed at 500 °C (2 h)
for removing polymer and impurities. Finally, The TiO2 nanofibers
were obtained.
Preparation of α-Fe2O3 Nanorods. FeCl3·6H2O (0.844 g) was

dispersed in a mixture with 20 mL of deionized water and 0.05 mL of
ammonia under ultrasonication (30 min). The final mixture was
transferred into a 40 mL Teflon-lined autoclave and heated
hydrothermally at 95 °C for 4 h. The products were harvested via
centrifugation six times with ethanol and water. After drying at 60 °C
for 24 h, the products with a dark-red color were annealed to 500 °C
(2 h) in the muffle furnace (heating rate of 5 °C min−1).
Preparation of α-Fe2O3/TiO2 Heterostructures. α-Fe2O3 nanorod

depositions were fabricated by the modified literature method.27

Briefly, 0.844 g of FeCl3·6H2O was first dissolved in 20 mL of
deionized water and 0.05 mL of ammonia under continuously stirring.
TiO2 nanofibers (0.01 g) were put into the solution. The obtained
solution was transferred into a Teflon-lined autoclave with volume of
40 mL. The Teflon-lined autoclave was sealed and heated at 95 °C for
4 h and cooled to room temperature. The film was collected and
washed with ethanol and deionized water, respectively. After drying at
60 °C for 24 h, the products were annealed to 500 °C (2 h) in the
muffle furnace. Three other types of α-Fe2O3/TiO2 samples are
prepared for comparison with a similar method. The preparation
process of four α-Fe2O3/TiO2 materials is summarized in Table 1.
2.2. Characterization. The crystalline phase of all α-Fe2O3/TiO2,

α-Fe2O3, and TiO2 products were examined via X-ray diffraction

(XRD, Rigaku D/Max-2550, λ = 0.154 18 nm), and surface structure,
size, and so on were determined by field emission scanning electron
microscopy (FESEM) from SHIMADZU Japan (SSX-550) with
energy-dispersive X-ray (EDX), Brunauer−Emmett−Teller (BET),
and transmission electron microscopy (TEM), respectively.

2.3. Fabrication and Measurement of Gas Sensor. First, a
sensing paste is mainly composed of as-obtained branch-like α-Fe2O3/
TiO2 hierarchical structure and deionized water in an agate mortar
(weight ratio 4:1). Second, the obtained paste used as sensitive body
was coated on a ceramic tube with two gold electrodes and platinum
wires. Figure 2a shows a diagram of the α-Fe2O3/TiO2 sensor. A Ni−

Cr heating wire was placed inside the component as a resistor to adjust
the whole working temperature of gas sensors. Figure 2b shows the
working principle of the sensors. The sensor export voltage was tested
by using a common electrical circuit with voltage of 5 V (VS).

The sensing performances of three samples were characterized by
an Intelligent Test system (RQ-2, China). When putting the sensors in
a closed glass chamber, the measurement of the sensitive performance
was operated by injecting an appropriate amount of target gases. The

Figure 1. Synthesis strategy to branch-like α-Fe2O3/TiO2 hierarchical heterostructure.

Table 1. Detailed Experimental Parameters (Material,
Temperature, Time, and so on) for the Preparation of Four
α-Fe2O3/TiO2 Samplesa

sample
no. starting reagents

hydrothermal
temperature
and time morphology

S-l 0.135 (±0.001) g FeCl3·6H2O +
0.05 mL NH3 + 20 mL H2O +
0.01 g TiO2

95 °C 4 h nanofibers

S-2 0.338 (±0.001) g FeCl3·6H2O +
0.05 mL NH3 + 20 mL H2O +
0.01 g TiO2

95 °C 4 h nanofibers

S-3 0.844 (±0.001) g FeCl3·6H2O +
0.05 mL NH3 + 20 mL H2O +
0.01 g TiO2

95 °C 4 h branch-like
nanofibers

S-4 1.351 (±0.001) g FeCl3·6H2O +
0.05 mL NH3 + 20 mL H2O +
0.01 g TiO2

95 °C 4 h branch-like
nanofibers

aAll samples were annealed at 500 °C for 2 h.

Figure 2. (a) Schematic of the α-Fe2O3/TiO2 heterostructure sensor.
(b) Circuit diagram of the test system.
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corresponding gases were prepared from appropriate liquid; different
gas concentrations in the glass chamber were calculated by a formula.
More details regarding the formula are provided in the literature.28

The response is ratio of resistances in air and gas (S = Ra/Rg). The
response/recovery time (Tr1/Tr2) was described as the time in which
the resistance changes to 90%. More details of gas sensing experiments
are in our previous work.29

3. RESULTS AND DISCUSSION
3.1. Composition and Structure. The crystallographic

information associated with α-Fe2O3 nanorods, TiO2 nano-
fibers, and α-Fe2O3/TiO2 heterostructures has been inves-
tigated by XRD, as illustrated in Figure 3. Compared with the

data in α-Fe2O3 JCPDS card (No. 33-0664) and TiO2 JCPDS
card (No. 21-1272), Figure 3a,b shows all the diffraction peaks
can be indexed as hematite α-Fe2O3 and anatase TiO2. Figure
3c shows two mixed phases of hematite α-Fe2O3 and anatase
TiO2. The rhombus indicates the peaks coming from hematite
α-Fe2O3 (JCPDS No. 33−0664), while the others come from
anatase TiO2 (JCPDS No. 21-1272). No other impurity
diffraction peaks are discovered, which confirm the purity of
the product. For this point, the materials not only are process
perfect crystalline phases but also maintain original physical
structure. Thus, it is confirmed that the materials formed a
nanocomposite rather than alloy.
Figure 4 shows FESEM micrographs of α-Fe2O3/TiO2

heterostructures with different magnification after hydrothermal

treatment at 95 °C for 4 h. It can be observed from Figure 4a,b
that the products are mainly composed of branch-like
nanofibers with average diameter of about 600 nm. The high-
magnification FESEM image (Figure 4c) shows that the
branch-like α-Fe2O3/TiO2 heterostructure possess rough and
well-aligned surfaces, which are built up from compactly
aggregated irregular-shaped α-Fe2O3 nanorods. Moreover, an
individual branch-like α-Fe2O3/TiO2 heterostructure with a
loose and rough surface is shown in Figure 4d. This hierarchical
branch-like α-Fe2O3/TiO2 may apply to a gas sensor due to
these rough, loose, and well-aligned surfaces, including the stem
and branch parts of branch-like heterostructures, compared to
that of the individual components nanostructures.
For comparison, the structures of the prepared TiO2 and α-

Fe2O3 products were also investigated as shown in Figure 5. It

can be seen from Figure 5a,b that the surface of pristine TiO2
nanofibers is relatively smooth with about 200 nm in diameter.
In addition, Figure 5c,d shows α-Fe2O3 nanorods have an
approximately uniform morphology with the diameter and
length of 100−300 nm and 1 μm, respectively.
Transmission electron microscopy (TEM) provides insights

into the structure of TiO2 nanofibers, α-Fe2O3 nanorods, and
branch-like α-Fe2O3/TiO2 heterostructures. Figure 6a,b shows
the TEM image of the initial TiO2 nanofibers, where the
prepared TiO2 nanofibers appear to be smooth on the surface
without α-Fe2O3 nanorods. Figure 6c,d presents the TEM
image of α-Fe2O3 nanorods obtained after hydrothermal
treatment at 95 °C for 4 h. One can notice that the sample
was composed of nanorods with a mean size of 100−300 nm.
Figure 6e shows that α-Fe2O3 nanorods have been densely
grown on the TiO2 nanofibers after the hydrothermal process.
With more details shown in Figure 6f, the results reveal that the
size of α-Fe2O3 nanorods is consistent with that shown in
Figure 4 and the surfaces of each branch-like heterostructure
are very loose. These networks are inferred to be beneficial for
the gas sensors, due to the rapid and effective gas diffusion
between inward and outward. The scanning SEM (SSEM)
image shows a single α-Fe2O3/TiO2 heterostructure, combined
with EDX elemental mapping (Figure 6g−j), which confirms
that the heterostructures have been formed between the TiO2
nanofibers and α-Fe2O3 nanorods after the hydrothermal

Figure 3. XRD pattern of (a) α-Fe2O3 nanorods, (b) TiO2 nanofibers,
and (c) α-Fe2O3/TiO2 heterostructures, respectively.

Figure 4. FESEM images of the α-Fe2O3/TiO2 heterostructures: (a,b)
panoramic and (c,d) magnified.

Figure 5. FESEM images of (a,b) the TiO2 nanofibers and (c,d) the α-
Fe2O3 nanorods.
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process. This data also reveals that the branch-like hetero-
structures are composed of three elements: O, Ti, and Fe.
Figure 7 shows the structures of the products with different

molar ratio of the FeCl3·6H2O to TiO2 nanofibers in the
precursor solution. It can be found that the surfaces of all
samples turns coarser compared with the pristine TiO2

nanofibers, which can be attributed to the successful growth
of the secondary α-Fe2O3 nanoparticles on the primary TiO2

substrates. Moreover, control of structure and coverage density
of secondary α-Fe2O3 materials was achieved by tuning the
concentration of precursor (Fe3+). When the molar ratio of the
FeCl3·6H2O to TiO2 nanofibers in the precursor solution is
increased to 4: 1 (S-1), it can be observed (Figure 7a,e) that
many nanoparticles with an diameter of 10−20 nm are formed

on the surface of the TiO2 nanofibers. However, as the molar
ratio is increased to 10: 1 (S-2), it can be seen that the
aggregation phenomenon occurred and many nanoparticles
transformed into obviously small nanorods with coarse surfaces
(Figure 7b,f). When the molar ratio is increased to 25:1 (S-3),
the second α-Fe2O3 nanorods appear and cover the TiO2

nanofibers used as the backbone (Figure 7c,g). When the molar
ratio is increased continuously to 40:1 (S-4), a layer of dense α-
Fe2O3 nanorods grown on TiO2 nanofibers is generated
(Figure 7d,h).

3.2. TMA Sensing Properties. It is very well-known that
examination of fish freshness is one of the most important
issues in the fishery business. Trimethylamine (TMA) is in a
wide range of animal organs and proteins which is produced in

Figure 6. TEM images of (a,b) the TiO2 nanofibers and (c,d) the α-Fe2O3 nanorods; (e,f) TEM images of α-Fe2O3/TiO2 heterostructures; (g) the
SSEM image of α-Fe2O3/TiO2 heterostructures; (h−j) EDX elemental mappings of O, Ti, and Fe, respectively.

Figure 7. FESEM images of hierarchical α-Fe2O3/TiO2 heterostructures with different molar ratio: (a,e) S-1, (b,f) S-2, (c,g) S-3, and (d,h) S-4.

ACS Applied Materials & Interfaces Research Article

dx.doi.org/10.1021/am402532v | ACS Appl. Mater. Interfaces 2013, 5, 12310−1231612313



the course of microbial degradation of trimethylamine N-oxide
(TMAO).30 With the decrease in freshness, TMA gas is
gradually increased, so the TMA gas detection has become
more and more important in the field of food spoilage due to
volatility. Wu has reported that Ru-loaded TiO2 nanomaterials
exhibit a good TMA-sensing; however, high operating temper-
ature is a necessary condition involving higher cost.31

Importantly, the operating temperature is closely linked with
the response for semiconductor oxide sensors. As shown in
Figure 8, the responses of six sensors to 50 ppm TMA were

measured under different operating temperatures. The response
curves showed a parabolic-shape in the entire test range. The
maximum response of four α-Fe2O3/TiO2 sensors appearing at
250 °C are (S-1) 6.5, (S-2) 8.0, (S-3) 13.9, and (S-4) 11.2,
respectively. Similarly, The maximum response of pristine α-
Fe2O3 and TiO2 sensors is 5.9 and 2.3 at 300 and 320 °C,
respectively. Compared with all sensors, the highest response
was also S-3 sensor (with molar ratio 25:1) at 250 °C. This
enhancement in response toward S-3 may contribute to the
well-known catalytic activity of α-Fe2O3.

32 Most importantly,
TiO2 nanofibers coated with α-Fe2O3 nanorods display a lower
operating temperature than the pristine α-Fe2O3 nanorods and
TiO2 nanofibers.
Figure 9a presents the temporal response/recovery of

pristine α-Fe2O3, TiO2, and α-Fe2O3/TiO2 (S-3) sensors to
different TMA gas concentrations at 300, 320, and 250 °C,
respectively. The sensing responses of α-Fe2O3/TiO2 sensors
to 10, 50, 80, 100, and 200 ppm of TMA were 6.8, 13.9, 22.1,
33.1, and 48.6, respectively. This shows that the sensitivity of α-
Fe2O3/TiO2 (S-3) sensor increased almost 2−2.5- and 6−16-
fold as for pristine ones, which indicated that novel
nanostructure and synergistic effect play an essential role to
enhance the response of gas sensors. To prevent possible loss
and disasters, not only gas response but also response time
should be enhanced. In particular, the latter is required for real-
time monitoring of toxic and hazardous gases. Figure 9b−d
shows the temporal responses of one single period of pristine
α-Fe2O3, TiO2, and α-Fe2O3/TiO2 (S-3) to TMA gases at 300,
320, and 250 °C, respectively. It can be observed that the three
sensors display fast response/recovery time: 0.5 s/1.5 s (α-
Fe2O3/TiO2, S-3), 1 s/2 s (α-Fe2O3), and 7 s/12 s (TiO2) to
50 ppm of TMA, respectively. The comparisons of TMA

responses of various compounds nanostructures in the
literature were summarized in Table 2.33−36

Three sensors’ responses as a function of TMA concen-
trations are illustrated in Figure 10a. The TMA-sensing
response of α-Fe2O3/TiO2 (S-3) sensor was linear from 10
to 200 ppm but tends to saturate when TMA concentration
increased from 800 to 2000 ppm. These results revealed that
our sensors have a strong detection to low concentration TMA
gas. Selectivity is the most remarkable aspect of the sensing
characteristics. In fact, a sensor with good selectivity can detect
a target gas when it was exposed to the multicomponent gas
environment, especially with similar physicochemical proper-
ties. Figure 10b depicts the histogram of the response of three
sensors based on pristine α-Fe2O3, TiO2, and α-Fe2O3/TiO2
(S-3) toward 50 ppm of C3H9N (TMA), C7H8, HCHO, NH3,
and C3H6O, respectively. The response of α-Fe2O3/TiO2 (S-3)
sensor to C3H9N (TMA) is 2.5−7 times higher than that to
other gases including C7H8, HCHO, NH3, and C3H6O and is
also higher than that of pristine ones. Stability, which is the
ability to sequentially respond to the target gas without a visible
decrease in sensitivity, is also the key criterion for practical
application. Figure 10c illustrates a series of dynamic response
of the α-Fe2O3/TiO2 (S-3)-based sensor to 10, 50, and 80 ppm
of TMA. It is also found that the on and off responses for the α-
Fe2O3/TiO2 (S-3)-based sensor could be repeated and there is
no clear change in responses during 3 cycles measurement to
10, 50, and 80 ppm of TMA, revealing excellent stability and
reproducibility of the sensor.

3.3. Gas Sensing Mechanism. In the case of specimen α-
Fe2O3/TiO2, the sensor exhibits better sensing performance
than that of the pristine ones. Otherwise, the work on branch-

Figure 8. Responses of four α-Fe2O3/TiO2 heterostructures with
different molar ratios, pristine α-Fe2O3 nanorods, and TiO2 nanofibers
at different operating temperatures, to 50 ppm of TMA, respectively.

Figure 9. (a) Dynamic TMA-sensing response curves of the pristine α-
Fe2O3 nanorods, TiO2 nanofibers, and α-Fe2O3/TiO2 heterostruc-
tures; (b−d) response/recovery time of the pristine α-Fe2O3
nanorods, TiO2 nanofibers, and α-Fe2O3/TiO2 heterostructures to
50 ppm TMA.

Table 2. Comparison of TMA-Sensing Properties of the
Present Results with Reported Resultsa

materials TMA conc., ppm temp., °C response Tr1/Tr2, s

this work 50 250 13.9 0.5/1.5
WO3 sphers

33 5 450 56.9 1.5/486
ZnO film34 400 300 2.8
WO3 film

35 50 70 3 6.5/21
In2O3 rod

36 5 340 5.9 5/10
aTMA conc. = TMA gas concentration. Temp. = temperature. Tr1/Tr2
= response/recovery time.
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like α-Fe2O3/TiO2 heterostructure TMA sensors has not been
reported so far. The branch-like heterostructure nanofibers
displaying good gas-sensing performance can use two possible
mechanisms. First, it can be explained that α-Fe2O3/TiO2
heterostructure generates an enhanced charge separation at
the interface between the α-Fe2O3 nanorods and TiO2
nanofibers, resulting in the enhanced conductance modulation
(Figure 11a).37 In the pristine TiO2 nanofibers network, the
electron depletion layer was formed due to the adsorption of
oxygen ions (O−, O2−, O2

−), which leads to a decrease in the
sensor conductivity (Figure 11a, left). The electron transfer
from the adsorbed TMA molecule to the TiO2 is energetically
feasible, as illustrated in Figure 11a, right, resulting in a decrease
of electron depletion layer and an increase of the charge-carrier
density and thus an increase of the conductivity.37 After the
TiO2 nanofibers surface was decorated by the α-Fe2O3
nanorods, the sensor response to the TMA gas is markedly
enhanced, and the gas sensing mechanism is different from that
of the pristine TiO2 sensor, due to the existence of the α-Fe2O3
nanorods. The synergistic effect of TiO2 nanofibers and α-
Fe2O3 nanorods is a key factor for improving sensing
performances. The Schottky barrier and an additional depletion
layer between α-Fe2O3 nanorods and TiO2 nanofibers is
formed since the work function of α-Fe2O3 (5.88 eV)38 is
greater than that of TiO2 (4.2 eV),39 making it easy for the

electrons in TiO2 nanofibers to transfer to α-Fe2O3 nanorods
(Figure 11a). Moreover, the surface area of the α-Fe2O3/TiO2
heterostructure (37 m2 g−1) is larger than that of the bare TiO2
nanofibers (21 m2 g−1) and α-Fe2O3 nanorods (7 m2 g−1),
which allows them to absorb more gas molecules. Additionally,
the high dispersity of α-Fe2O3 nanorods on the surface of TiO2
nanofibers provides efficient and rapid electron exchange
between the cations: Fe(III) ↔ Fe(II).40 Thus, it can make
the conductivity have greater changes and improve the gas
sensing performance. For the second possible sensing
mechanisms, the potential barriers are formed at junctions
between nanofibers, making it modulating for the electrons to
travel between adjacent electrodes, with the direction of the
electron transfer depending on adsorbing or desorbing gas
molecules.41,42 Compared with the pristine one, the TMA
response enhancement of α-Fe2O3/TiO2 hierarchical hetero-
structure can be due to the presence of α-Fe2O3/TiO2
heterojunctions and α-Fe2O3/α-Fe2O3 homojunction (Figure
11b). These junctions can be used for additional active sites,
leading to improvement of sensing performances.21,41−43

4. CONCLUSIONS
In conclusion, we report the synthesis of α-Fe2O3/TiO2 with
hierarchical structure by a two-step process with electro-
spinning and a subsequent hydrothermal process. The as-

Figure 10. (a) Response of the α-Fe2O3 nanorods, TiO2 nanofibers, and α-Fe2O3/TiO2 heterostructures to 10−2000 ppm of TMA. (b) Selectivity
tests of the pristine α-Fe2O3 nanorods, TiO2 nanofibers, and α-Fe2O3/TiO2 heterostructures sensors to 50 ppm of different gases. (c)
Reproducibility of the α-Fe2O3/TiO2 sensor upon exposure (3 cycles) to 10, 50, and 80 ppm TMA gas at 250 °C.

Figure 11. (a,b) Schematic illustration of sensing mechanism of the bare TiO2 nanofibers and the α-Fe2O3/TiO2 hierarchical heterostructure.
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prepared α-Fe2O3/TiO2 products display a branch-like nano-
fiber with the average diameter of about 600 nm. Otherwise, by
adjusting the molar ratio of the FeCl3·6H2O to the TiO2
nanofibers, different structures and coverage densities of
secondary α-Fe2O3 materials were obtained. The effects of α-
Fe2O3 loading on the TiO2 nanofibers for TMA-sensing
properties have been investigated. The sensor based on α-
Fe2O3/TiO2 branch-like heterostructures (S-3) provides the
response of 13.9 to 50 ppm TMA gas and fast response/
recovery rate (0.5 s/1.5 s). The results demonstrate that this
hierarchical heterostructure provides a direction for designing
high-performance gas sensors.
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