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Novel α-Fe2O3/SnO2 composite nanofibers were 
fabricated by a homotaxial electrospinning 
method. The cage-like nanofibers shows high 
selectivity to acetone as well as ultrafast response 
and recovery times within 3 s to 100 ppm acetone. 10 

 
 
Recently, the detection of volatile organic compounds (VOCs) 
has become a very imperative task in many countries for 
environmental monitor, food inspection and medical diagnostics.1 15 

Especially in the factory, the excessive concentration of the 
VOCs may cause explosions, ambient air pollution and even 
human poisoning if not timely monitoring and feedback. Thus the 
research and development of quick-response metal oxides 
semiconductor chemical gas sensor has practical significance and 20 

prospect. Many semiconducting metal oxides have been used as 
sensor materials for VOCs detection. Among them, special 
attentions have been paid on SnO2 and α-Fe2O3 due to their 
excellent gas sensing performances.2-10 Especially, the 
combination of them as well as the construction of their 25 

compositive nanostructures can further enhance the sensing 
characteristics to VOCs.11-14 The key factors influencing sensitive 
nature of the sensing materials mainly include three aspects: the 
receptor function, the transducer function and the sensitive 
utilization of surface particles.15-17 Based on the above 30 

mechanism, we are committed to design a metal oxide gas 
sensing material with large specific surface area, good porous and 
uniformity in the meanwhile. Electrospinning technique can 
provide a simple and versatile route to prepare nanofibers with a 
large surface area to volume ratio, flexibility in surface 35 

functionalities, and heterostructure18. These nanofibers fabricated 
are very suitable for gas sensing application due to the small 
crystalline size, high surface area and high porosity. Inorganic 
metal oxides fabricated by electrospinning polymer solutions 
containing inorganic precursors with subsequent calcination at 40 

high temperature promising to give rise to high uniformity as 
sensor materials. The fibrous morphology can form a network of 
interconnected nanowires in which target gas can easily diffuse 
through large pores formed with nanowires. Simultaneously, 
small pores between the adjacent grains of metal oxide enable gas 45 

to get more active site to adsorption. 
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Fig.1 (a) FE-SEM picture of as spun α-Fe2O3/SnO2 composite nanofibers, (b) 55 

magnified view of the hollow and porous nanofibers, (c and d) TEM and 
HRTEM images of the composite nanofibers, (e and f) HRTEM images 
recorded from the white frame marked in (d). (g) illustrate diagram of the 
possible formation process of α-Fe2O3/SnO2 composite nanofibers  through 
heat treatment procedure. 60 

 
In a long time, studies have focus on the enhancement of gas 

response or gas responding kinetics due to the nanofibers 
morphology and less agglomerated network structure. However, 
research on the design of unique structure nanofibers with a 65 

purpose to improve certain aspects of the performance of gas     
sensors remains in the elementary stage. For example, when 
testing VOC gas such as acetone, the semiconductor oxide gas 
sensors generally show long response and recovery time. In this 
paper, we present an attempt to enhance response and recovery 70 
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kinetics of the metal oxides semiconductor gas sensor to VOCs 
by fabricating the composite nanofibers sensing materials with a 
novel morphology and structure. The materials with nanoscale 
and porous structure as gas sensors are supposed to not only 
provide a large number of channels for gas diffusion, but also 5 

possess significantly large surface areas for gas-sensing 
reactions.19 The synthesis process and experiment of raw 
materials are detailed introduced in supplementary information. 

As shown in the FE-SEM images (Fig.1 a and b), the obtained 
samples which composed of drop-like nanoparticles exhibit the 10 

porous and hollow structure. It can be observed that the 
nanoparticles are well arranged and attach to each other forming 
chain cables, which construct the wall of the cage-like nanofibers. 
The size of each nanoparticle is about 30 nm. The average 
diameter of the α-Fe2O3/SnO2 nanofibers is approximately 160 15 

nm and the length is longer than 40 μm. The transmission 
electron microscope (TEM) image (Fig. 1c) evidences the porous 
and hollow structure of the nanofibers, which is coherent with the 
observation in the FE-SEM images (Fig. 1a and b). The 
connection part of two nanoparticles in one chain cable is shown 20 

in Fig. 1d. The narrow neck connection of the two particles can 
be clearly observed, which is beneficial for obtain high response. 
The structure information was further characterized by HRTEM 
as shown in Fig. 1e and f, which corresponding to the white 
frames in Fig. 1d. The lattice spacings of 0.26 nm for the inside 25 

partial and 0.37 nm for the outside partial of the nanoparticle, 
respectively, correspond to the (101) plane of rutile SnO2 and the 
(012) plane of rhombohedral α-Fe2O3. Fig.1 g schematically 
shows the construction core-shell structure of precursor before 
calcination and the formation process of α-Fe2O3/SnO2 composite 30 

nanofibers. The sectional part of the nanofiber was shown in the 
upper left corner. Due to the incompatibility of PVP 
(polyvinylpyrrolidone) and PAN (polyacrylonitrile), the initial 
hierarchical solid structure has already been formed in precursor 
nanofibers.20-23 Core nanofibers comprising PAN and 35 

SnCl4·5H2O and shell nanofibers comprising PVP and FeCl3 
were electrospun from a dimethylformamide solution. According 
to the literatures,24, 25  the degradation temperatures of PAN (280-
320 °C) is lower than PVP (343-361 °C). This means the PAN 
core would decompose earlier than the PVP shell when the 40 

temperature increased from room temperature to 280-320 °C. The 
releasing gas during the decomposition of the carrier polymer 
(polyacrylonitrile, PAN) driving the SnO2 nanoparticles to the 
inwall of the PVP/FeCl3 shell. As PVP exists in two mesomeric 
forms and there are strong interactions between the PVP and the 45 

metal oxide colloid (mainly H bonding), the nanoparticles could 
connect with each other even after the polymer was removed 
through high temperature sintering. Thus, the PVP shell and the 
interface PAN played a role as template for the final structure of 
α-Fe2O3/SnO2 composite nanofibers. When the annealing 50 

temperature was final up to 700 °C, the SnO2 and Fe2O3 
nanoparticles constituted the internal and external of the product, 
respectively. To investigate how the morphology and structure of  
the material changing with the calcination conditions, we have 
conducted two group experiments with different calcined 55 

temperatures and heating rates as shown in Fig.S4 (details in 
ESI†). 

X-Ray diffraction (XRD) analysis was performed to confirm 
the crystallization of the SnO2/Fe2O3 nanofibers. The typical 
XRD pattern is shown in Fig.2 a, from which the crystal phase of 60 

the product was the mixed oxide of SnO2 and α-Fe2O3. Most of 
the diffraction peaks could be indexed to the tetragonal structure 
of SnO2, which agreed well with the reported values from the 
Joint Committee on Power Diffraction Standards card (JCPDS, 
77-452). The residual peaks are well indexed to the rhombohedral 65 

 
Fig. 2 (a) XRD pattern of the as-prepared composite nanofibers, (b) TG and 
DSC curves of the precursor 
 
structure of α-Fe2O3, which are consistent with the standard date 70 

file 3-800. The result demonstrates the product as a mixture of 
SnO2 and α-Fe2O3. No other diffraction peaks corresponding to 
impurities are observed, which indicate that the product has a 
high purity. Fig. 2 b shows the TG-DSC analysis of the precursor 
nanofibers. The first loss peak on the TG curve appears before 75 

200 °C (endothermic DSC peak at 150 °C), which can be ascribed 
to the degradation of the side chain of the polymer (PAN and 
PVP). The following loss between 250 and 400 °C 
(predominantly exothermic DSC peak at around 250 °C) is 
attributed to the decomposition of FeCl3 and SnCl4 and the main 80 

chain of the polymer (PAN and PVP). Furthermore, the weight 
loss between 400 and 700 °C is due to the complete 
decomposition of the polymer (PAN and PVP) and FeCl3 to α-
Fe2O3 phase, SnCl4 to SnO2 phase. The DSC curve between 400 
and 700 °C showing no obvious endothermic or exothermic peak 85 

also evidences the transition of precursor from amorphous to 
crystalline phase. When the temperature is higher than 700 °C, no 
weight loss is observed, indicating the complete transformation 
from precursor to α-Fe2O3/SnO2 composite nanofibers. 

Fig 3a shows the response plot of the sensor toward 100 ppm 90 

acetone as a function of operating temperature. The response 
increases with the operating temperature and reaches its 
maximum value of 5.3 at 275 °C, and then decreases with a 
further increase of temperature. Fig. 3b displays the response of 
sensor to 100 ppm acetone at 275 °C. The response time defines 95 

the time taken for the sensor to achieve 90% of the total 
resistance, and the recovery time is the time for the resistance 
recovery to 90% of the initial level after removal of acetone vapor. 
The response curve shows a drastic decline once the sensor is 
exposed to target gases and achieves a near steady state then rises 100 

to its initial value in air. The response and recovery times of the   
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Fig. 3 (a) Response of sensor based on α-Fe2O3/SnO2 composite to 100 ppm 
acetone as a function operating temperature. The gas response of sensor is 
defined as the ratio of the resistance of the sensor in air (Ra) to that in tested 
gases (Rg), (b) Response transients of the sensor to 100 ppm acetone at 275 °C, 5 

(c) Response transients of the sensor to different concentration of acetone at 
275 °C, (d) Cross-responses of the sensor to various test gases (100 ppm 
concentration) at 275 °C.  
 
sensor are about 1.5 and 2.5 s. The rapid response and recovery 10 

properties can be attributed to the novel cage-like construction, 
which provides excellent channel structure and more active sites 
accelerating the chemical absorption and stripping of the gas. The 
response and recovery behaviors were further investigated with 
the sensor being orderly exposed to different concentrations of 15 

acetone from 100 to 1200 ppm at an operating temperature of 
275 °C. The result is displayed in Fig. 3 c. The response and 
recovery characteristics are almost reproducible with the quick 
time of response and recovery in Fig 3 c. As shown in Fig. 3 d, 
when the operating temperature reaches 275 °C, the sensor 20 

exhibits an excellent selectivity to acetone among the tested gases 
(ethanal, trichloromethane, toluene, methanol, formaldehyde, 
ethanol and acetone). The selectivity of sensor may be influenced 
by the reactive energy of test gases, operating temperature of 
sensor, and catalytic effect of α-Fe2O3/SnO2.

26
 Different gases 25 

possess different energies to adsorption and desorption on the 
surface of sensing material. At lower temperature, the response is 
restricted by the speed of chemical reaction, and at high 
temperature, by the speed of diffusion of gas molecules. At some 
intermediate temperature, the speeds of two processes become 30 

equal, and at that temperature, the sensor response reaches to its 
maximum.27 Moreover, the reaction between acetone and 
adsorbed oxygen will be accelerated by the catalytic effect of α-
Fe2O3/SnO2, which leads to the high response to acetone. 

In conclusion, a simple electrospinning method was used to 35 

prepare α-Fe2O3/SnO2 composite nanofibers. As a proof-of-
concept demonstration of the function, such α-Fe2O3/SnO2 
composite material was used as the sensing material of gas sensor. 
An enhanced sensing property to acetone was demonstrated with 
a short response and recovery times (1.5 and 2.5 s) to 100 ppm 40 

acetone at 275 °C. This result certainly provides the way to 
develop high performance sensors by electrospinning, which can 
be extended to the rest of the active materials and it also has an 
actual application prospect. 
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