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A nano-gas sensor based on Pd-SnO, composite nanofibers is fabricated by electrospinning technique
and calcination procedure. The morphology, structure and composition of the as-prepared nanofibers
are characterized by scanning electron microscopy (SEM), transmission electron microscopy (TEM), X-
ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), respectively. The nano-gas sensor shows
excellent hydrogen sensing properties such as high sensitivity and extremely fast response-recovery
behavior (~9s) at a lower operation temperature (280 °C). The detection limit of approximately 4.5 ppm
H, is demonstrated. The function of adding Pd into the SnO; nanofibers and the sensing mechanism have
also been discussed in this work.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Hydrogen, as a renewable, abundant, efficient energy source,
has been extensively investigated in the application of new energy
sources [1-3]. However, hydrogen is colorless, explosive, and
extremely flammable in the air. Consequently, a variety of robust
and safety sensors are being developed for the reliable and contin-
uous monitoring of H, particularly for combustion gas detection
and fuel leak detection in spacecraft, autos and aircraft, fire detec-
tors, and industrial process emissions [4-7]. Recently, the synthesis
of hydrogen sensors based on wide bandgap semiconductors such
as ZnO, Sn0,, TiO, and GaN has gained special focus owing to their
sensitivity to surface charge and wide temperature stability [8-12].
Among these materials, SnO, is the most popular and commercial
one for the development of resistive gas sensors. Till now, vari-
ous SnO, structures such as sintered powders [13], thin and thick
films [14,15], nanoparticles [16], nanowires [17], and nanosheets
[18] are fabricated and applied in gas sensors. However, most of
those gas sensors suffer from relatively low sensitivity or long
response/recovery time [13-18].

Palladium (Pd) is a widely used catalyst for improving the
selectivity and sensitivity of SnO, sensors to H, [19-24]. On the
other hand, taking the advantages of large surface-to-volume ratio
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and unique electric properties based on one-dimensional nanos-
tructures, many efficient gas sensors have been developed based
on one-dimensional nanostructures [25-29]. Among the different
methods for the fabrication of one-dimensional nanostructures,
electrospinning has received considerable attention because of its
simplicity and versatility [30,31]. Hitherto, several gas sensors have
been successfully obtained for the detection of methanol [32],
ethanol [33], humidity [34] and toluene [35] via electrospinning.
But few H, sensors based on electrospun nanofibers have been
reported previously [36].

In this paper, Pd-doped SnO, nanofiber has been fabri-
cated via electrospinning technique and calcination process. The
as-prepared nanofibers exhibit high sensitivity and ultra-fast
response-recovery property. These results demonstrate a promis-
ing approach in development and realization of a low cost and
high-performance hydrogen sensor.

2. Experiment details
2.1. Chemicals

Ethanol (>95%), N,N-dimethyl formamide (>95%) and SnCl,-
2H,0 were purchased from Tianjin Chemical Co. (China). PdCl, was
purchased from Beijing Chemical Co. (China). Poly(vinyl pyrroli-
done) (PVP, Mw=1,300,000) was purchased from Aldrich. All
chemicals were used as received without any further purification.
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2.2. Preparation of Pd-Sn0O, nanofibers

In a typical procedure, 0.4 g of SnCl,-2H,0 was dissolved in4.4 g
of DMF and 4.4 g of ethanol under vigorous stirring for 10 min. Sub-
sequently, 0.8 g of PVP and 12 mg of PdCl, were added into the
above solution under vigorous stirring for 30 min. The mixture was
electrospun (voltage: 12 kV; distance between anode and cathode:
20 cm) and followed by sintering at 600 °C for 5 h. The concentra-
tion of Pd in the final product was 3 wt%. The pure SnO, nanofibers
were also obtained with no addition of PdCl, by the same proce-
dure.

2.3. Fabrication and measurement of H, gas sensor based on our
products

The as-prepared nanofibers were mixed with deionized water in
a weight ratio of 100:25 to form a paste. The paste was coated onto
a ceramic tube on which a pair of gold electrodes was previously
printed, and then a Ni-Cr heating wire was inserted in the tube to
form a side-heated gas sensor. Gas sensing properties were mea-
sured using a static test system. Saturated target vapor was injected
into a glass test chamber (20L in volume) by a syringe through a
rubber plug. After fully mixed with air (relative humidity was about
25%), the sensor was put into the test chamber. When the response
reached a constant value, the sensor was taken out to recover in air.
The electrical properties of the sensor were measured by the CGS-1
intelligent test system (Beijing Elite Tech Co. Ltd., China). The sen-
sor response was measured between 200 and 340°C. The sensor
response is defined as the ratio Ra/Rg, where Ra is the resistance in
dry air, and Rg is the resistance in test gas. The time taken by the
sensor to achieve 90% of the total resistance change was defined as
the response time in the case of adsorption or the recovery time in
the case of desorption.

2.4. Characterization

Nanofibers were characterized by means of scanning elec-
tron microscope (SEM, SSX-550, Shimadzu) transmission electron
micrographs (TEM, Hitachi S-570), X-ray diffraction (XRD, Scintag
XDS 2000 diffractometer with a Cu Ko radiation). Analysis of the X~
ray photoelectron spectra (XPS) was performed on an ESCLAB MKII
using Al as the exciting source.

3. Results and discussion
3.1. Morphological and structural characteristics of our products

Fig. 1a and b shows the typical SEM images of pure SnO,
nanofibers and Pd-SnO, nanofibers, respectively, indicating diam-
eters of the as-prepared nanofibers for all the samples are ranging
from 80 to 120 nm. Further morphology characterization of our
products was examined by TEM and shown in Fig. 1c and d, which
indicated that the fibers have a rough surface due to the loss of
PVP from the nanofibers. Those TEM images also show that both
of the pure SnO, nanofibers and Pd-SnO, nanofibers are indeed
composed of many interconnected grains of around 30 nm in size.

Fig. 2a shows XRD patterns of the pure SnO, nanofibers and
Pd-SnO, nanofibers. All the strong diffraction peaks of both sam-
ples can be perfectly indexed as the tetragonal rutile structure for
SnO, (JCPDS 41-1445). But there is no indication of the presence
of any dopants-related diffraction peaks for the Pd-doped sam-
ple, attributing to the high dispersion or the poor crystallinity of
dopants-related nanoparticles. To further prove the existence of Pd
component in Pd-Sn0O, nanofibers, XPS has been used to investi-
gate the composition and the chemical state of the elements existed

in the as-prepared Pd-Sn0O, nanofibers, and the spectra are illus-
trated in Fig. 2b. The Pd 3d spectrum exhibited a doublet feature at
342.7eV(Pd 3d3p,;)and 336.8 eV (Pd 3ds, ). These peaks correspond
to the Pd2* oxidation state [37] and Pd therefore exists as PdO in
the Pd-Sn0, nanofibers. All of these results give the insight that
the nanofibers are composed of PdO and SnO,.

3.2. Sensing properties

The optimal operating temperature of the sensors for detecting
H, is an important issue, and it was obtained by performing the gas
sensing experiments at different temperatures. Before exposing to
the target gas, each sensor was stabilized for 2 h at the working tem-
perature. Fig. 3a presents responses to 100 ppm of H, for the pure
SnO, nanofibers and Pd-SnO, nanofibers samples. For the pure
SnO; nanofibers sensor, the response increases with a raise of oper-
ating temperature and reaches its maximum (about 4) at 320°C,
then decreases rapidly with increasing temperature. On the con-
trary, the Pd-SnO, nanofibers show higher response value (about
8.2) with respect to pure SnO, at lower temperature (280°C). It is
known that PdO can be reduced by H, and form PdHx at a relatively
low temperature [38]. In our case, when hydrogen is passed over
the PdO/SnO, nanofibers, Pd was formed from PdO via PdHx at low
temperature. Then the Pd metal induces the surface and lattice oxy-
gen reductions of Pd-Sn0O; nanofibers at much lower temperatures,
in contrast to the pure tin oxide.

The concentration dependence of pure SnO, nanofibers
and Pd-SnO, nanofibers was investigated in the range of
20-15,000 ppm H; and the plots of the gas response against the gas
concentration are shown in Fig. 3b. As for the Pd-SnO; nanofibers,
the results clearly indicate that even the lowest concentration
of H,, i.e. 20 ppm, the response is more than 3. The response
value increases rapidly with increasing H, concentration at first
(below 5000 ppm). Above 5000 ppm, the response slowly increases
with increasing H, concentration. Although the similar trend was
also observed for pure SnO, nanofibers, the responses were much
weaker, which indicate a much lower sensitivity compared with
the Pd-SnO, nanofibers. In addition, a low detection limit of
the Pd-Sn0O, nanofibers is found to be around 4.5 ppm accord-
ing to Fig. 3b, while the detection limit of pure SnO, nanofibers
is about 25 ppm which is more than 4 times of that of the Pd-SnO,
nanofibers. The detection limit is defined as the concentration at
which response is ~1.1, corresponding to 10% change of resis-
tance.

There are several reasons which should be considered to explain
the improvement of the nanofibers’ sensing performance upon PdO
doping. To describe the sensitization mechanism more clearly, we
present a simple model in Fig. 4. As shown in the schema, the whole
process can be divided into three steps. Step 1 is the dissociation of
molecular oxygen on the sensor surface (Fig. 4a). In this step, the
PdO nanoparticles play a role as catalyst for activating the dissoci-
ation of molecular oxygen, the atomic products then diffuse to the
metal oxide support. This step greatly increases both the quantity of
oxygen that can repopulate vacancies on the SnO, surface and the
rate at which this repopulation occurs, resulting in a greater and
faster degree of electron withdrawal from the SnO, than for the
pure SnO, nanofibers (Pd is a far better oxygen dissociation cata-
lyst than Sn0;) [39,40]. This step is well-established in the catalysis
literature and known as the “spill-over” effect. When hydrogen is
introduced, PdO is reduced to metallic palladium, returning elec-
trons to SnO,, which is defined as Step 2 (Fig. 4b). In Step 3 (Fig. 4c),
hydrogen molecules adsorbed on palladium simultaneously spill-
over the surface of Sn0,, activating the reaction between hydrogen
and the adsorbed oxygen [38]. In this step, the dissociation of H;
at the Pd surface forms atomic H that leads to additional reac-
tion schemes [41]. Reviewing the basic reaction scheme between
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Fig. 1. SEM images of (a) pure SnO, nanofibers and (b) Pd-Sn0, nanofibers. TEM images of (c¢) pure SnO, nanofibers and (d) Pd-Sn0O, nanofibers.
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Fig. 2. (a) XRD patterns of the products and (b) XPS spectra of Pd 3p for Pd-SnO; nanofibers.
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Fig. 3. (a) Responses of pure SnO, and Pd-SnO, nanofibers to 100 ppm H, as a function of operating temperatures. (b) Dependence of response on H, concentration for pure
Sn0; and Pd-Sn0O; nanofibers.
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Fig. 4. Schematic model of the three steps for the sensitization mechanism of the as-prepared nanofiber sensor: (a) molecular oxygen dissociation on PdO nanoparticles
followed by spill-over of the atomic species onto the SnO, surface; (b) reduction of PdO nanoparticles by Hz; (c) spill-over of H, on the SnO, surface and reactive with the

oxygen species.

adsorbed oxygen species on the SnO, surface and molecular H is
a single step process presented below
Hy(g) + Oa¢™(SnO2) — Hy0(g) + (SnO3) + e~ (M

With the dissociation of H, at the Pd surface, additional reaction
schemes are supplied

H,(g) — H + H(dissociation) (2)
H + SnO, — H,q(Sn0Os) (3)
H.4(Sn0O3) + 0,9~ (Sn03) — OH,q~(Sn0-) (4)
OH,4~(Sn0O3) + H,4(Sn0O3) — Hy0(g) + (Sn03) + e~ (5)

In these reaction paths, H,O(g) is liberated as the final reac-
tion product, resulting in accumulation of electrons at the surface
which is responsible for the conductance increase, hence the better
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Fig. 5. Response and recovery characteristic curves of the sensor based on Pd-SnO;
nanofibers to H; in the range of 20-1000 ppm at 280°C.

sensitivity to H, of the Pd-Sn0O, nanofiber sensor than pure SnO,
nanofiber.

It is well known that response and recovery characteristics are
important for evaluating the performances of hydrogen sensors.
To investigate the response-recovery behaviors of the Pd-SnO,
nanofibers sensor, the sensor was sequentially exposed to 20,
50, 100, 500 and 1000 ppm H; at 280°C. The sensor exhibits
high response and fast response and recovery to H,, as shown
in Fig. 5. The response and recovery times are very short and
change slightly with changing H, concentration. When exposed
to Hy with different concentrations, the response and recovery
times are about 9s. The extremely fast response and recovery
behavior can be attributed to the one-dimensional nanostructure
of Pd-SnO, nanofibers. It can facilitate fast mass transfer of the
hydrogen molecules to and from the interaction region as well as
improve the rate for change carriers to transverse the barriers along
the fibers [34].

4. Conclusions

Pd-SnO, composite nanofibers have been fabricated via electro-
spinning and calcination. The as-prepared samples were evaluated
for their gas sensing properties towards H,. A maximum response
value of 8.2 and extremely fast response-recovery behavior are
obtained for 100 ppm H; detection at 280 °C, which exhibited better
responses and lower operating temperature than that of the pure
SnO, nanofibers. These results demonstrate a promising approach
in development and realization of a low cost and high-performance
hydrogen sensor.

Acknowledgements
The work has been supported by National 973 Project (no.

2007CB936203 and S2009061009), NSF China (no. 50973038), and
National 863 Project (no. 2007AA03Z324).



H. Zhang et al. / Sensors and Actuators B 147 (2010) 111-115 115

References

[1] W.T. Hsieh, Y.K. Fang, WJ. Lee, K.H. Wu, J.J. Ho, K.H. Chen, S.Y. Huang, Ana-SiGe:
H phototransistor integrated with a Pd film on glass substrate for hydrogen
monitoring, IEEE Trans. Electron Devices 47 (2000) 939-943.

[2] C.C. Cheng, Y.Y. Tsai, KW. Lin, H.I. Chen, W.H. Hsu, CW. Hung, R.C. Liu, W.C.
Liu, Pd-Oxide-Alg24Gag 76As (MOS) high electron mobility transistor (HEMT)-
based hydrogen sensor, IEEE Sens. ]. 6 (2006) 287-292.

[3] J.R. Huang, W.C. Hsu, Y.J. Chen, T.B. Wang, K.W. Lin, H.I. Chen, W.C. Liu, Com-
parison of hydrogen sensing characteristics for Pd/GaN and Pd/Alp3Gag7As
Schottky diodes, Sens. Actuators B 117 (2006) 151-158.

[4] A. Lloyd Spetz, P. Tobias, L. Unéus, H. Svenningstorp, L.-G. Ekedahl, I. Lund-
strom, High temperature catalytic metal field effect transistors for industrial
applications, Sens. Actuators B 70 (2000) 67-76.

[5] E.J. Connolly, G.M. O’Halloran, H.T.M. Pham, P.M. Sarro, P.J. French, Comparison
of porous silicon, porous polysilicon and porous silicon carbide as materials for
humidity sensing applications, Sens. Actuators A 99 (2002) 25-30.

[6] H.Svenningstorp, P. Tobias, I. Lundstrom, P. Salomonsson, P. Mdrtensson, L.-G.
Ekedahl, A.L. Spetz, Influence of catalytic reactivity on the response of metal
oxide silicon carbide sensor to exhaust gases, Sens. Actuators B 57 (1999)
159-165.

[7] V. Dobrokhotov, D.N. Mcllroy, M.G. Norton, A. Abuzir, W . Yeh, L. Stevenson,
R. Pouy, ]J. Bochenek, M. Cartwright, L. Wang, ]. Dawson, M. Beaux, C. Berven,
Principles and mechanisms of gas sensing by GaN nanowires functionalized
with gold nanoparticles, J. Appl. Phys. 99 (2006), 104302-1-7.

[8] O. Lupan, G. Chai, L. Chow, Fabrication of ZnO nanorod-based hydrogen gas
nanosensor, Microelectron. J. 38 (2007) 1211-1216.

[9] H.T. Wang, B.S. Kang, F. Ren, L.C. Tien, P.W. Sadik, D.P. Norton, S.J. Pearton, J.
Lin, Hydrogen-selective sensing at room temperature with ZnO nanorods, Appl.
Phys. Lett. 86 (2005), 243503-1-3.

[10] Y.H. Choi, S.H. Hong, H, sensing properties in highly oriented SnO, thin films,
Sens. Actuators B 125 (2007) 504-509.

[11] H. Miyazaki, T. Hyodo, Y. Shimizu, M. Egashira, Hydrogen-sensing properties of
anodically oxidized TiO, film sensors effects of preparation and pretreatment
conditions, Sens. Actuators B 108 (2005) 467-472.

[12] H. Wang, TJ. Anderson, F. Ren, C. Li, Z. Low, ]J. Lin, B.P. Gila, S,J. Pearton, A.
Osinsky, A. Dabiran, Robust detection of hydrogen using differential AIGaN/GaN
high electron mobility transistor sensing diodes, Appl. Phys. Lett. 89 (2006),
242111-1-3.

[13] M.Hayashi, T. Hyodo, Y. Shimizu, M. Egashira, Effects of microstructure of meso-
porous SnO, powders on their H, sensing properties, Sens. Actuators B 141
(2009) 465-470.

[14] A.Z. Adamyan, Z.N. Adamyan, V.M. Aroutiounian, Study of sensitivity and
response kinetics changes for SnO; thin-film hydrogen sensors, Int. ]. Hydrogen
Energy 34 (2009) 8438-8443.

[15] C. Liewhiran, N. Tamaekong, A. Wisitsoraat, S. Phanichphant, H, sensing
response of flame-spray-made Ru/SnO, thick films fabricated from spin-coated
nanoparticles, Sensors 9 (2009) 8996-9010.

[16] J. Zhang, S. Wang, Y. Wang, M. Xu, H. Xia, S. Zhang, W. Huang, X. Guo, S. Wu,
Facile synthesis of highly ethanol-sensitive SnO, nanoparticles, Sens. Actuators
B 139 (2009) 369-374.

[17] Y. Shen, T. Yamazaki, Z. Liu, D. Meng, T. Kikuta, N. Nakatani, M. Saito, M. Mori,
Microstructure and H; gas sensing properties of undoped and Pd-doped SnO,
nanowires, Sens. Actuators B 135 (2009) 524-529.

[18] C.S. Moon, H.R. Kim, G. Auchterlonie, J. Drennan, ].H. Lee, Highly sensitive and
fast responding CO sensor using SnO; nanosheets, Sens. Actuators B 131 (2008)
556-564.

[19] N. Yamazoe, New approaches for improving semiconductor gas sensors, Sens.
Actuators B 5 (1991) 7-19.

[20] M. Batzill, U. Diebold, The surface and materials science of tin oxide, Prog. Surf.
Sci. 79 (2005) 47-154.

[21] S. Semancik, T.B. Fryberger, Model studies of SnO,-based gas sensors: vacancy
defects and Pd additive effects, Sens. Actuators B 1 (1990) 97-102.

[22] B. Gautheron, M. Labeau, G. Delabouglise, U. Schmatz, Undoped and Pd-doped
SnO, thin films for gas sensors, Sens. Actuators B 15-16 (1993) 357-362.

[23] G.Korotcenkov, V.Brinzari, Y. Boris, M. Ivanov, ]. Schwank, J. Morante, Influence
of surface Pd doping on gas sensing characteristics of SnO- thin films deposited
by spray pyrolysis, Thin Solid Films 436 (2003) 119-126.

[24] K.H. Cha, H.C. Park, K.H. Kim, Effect of palladium doping and film thickness on
the Hj-gas sensing characteristics of SnO,, Sens. Actuators B 21 (1994) 91-96.

[25] L.C.Tien, P.W. Sadik, D.P. Norton, L.F. Voss, S.J. Pearton, H.T. Wang, B.S. Kang, F.
Ren, J. Jun, ]. Lin, Hydrogen sensing at room temperature with Pt-coated ZnO
thin films and nanorods, Appl. Phys. Lett. 87 (2005), 222106-1-3.

[26] B.Wang, LF. Zhuy, Y.H. Yang, N.S. Xu, G.W. Yang, Fabrication of a SnO, nanowire
gas sensor and sensor performance for hydrogen, J. Phys. Chem. C 112 (2008)
6643-6647.

[27] W.Lim,].S.Wright, B.P. Gila, ].L. Johnson, A. Ural, T. Anderson, F. Ren, S.J. Pearton,
Selective-hydrogen sensing at room temperature with Pt-coated InN nanobelts,
Appl. Phys. Lett. 93 (2008), 202109-1-3.

[28] Y. Lu, J. Li, J. Han, H.T. Ng, C. Binder, C. Partridge, M. Meyyappan, Room
temperature methane detection using palladium loaded single-walled carbon
nanotubes sensors, Chem. Phys. Lett. 391 (2004) 344-348.

[29] M.K. Kumar, ALM. Reddy, S. Ramaprabhu, Exfoliated single-walled car-
bon nanotubes-based hydrogen sensor, Sens. Actuators B 130 (2008)
653-660.

[30] D.Li, T.J.T. McCann, Y.N. Xia, M. Marquez, Electrospinning: a simple and versa-
tile technique for producing ceramic nanofibers and nanotubes, J. Am. Ceram.
Soc. 89 (2006) 1861-1869.

[31] W. Sigmund, J. Yuh, H. Park, V. Maneeratana, G. Pyrgiotakis, A. Daga, J. Taylor,
J.C. Nino, Processing and structure relationships in electrospinning of ceramic
fiber system, J. Am. Ceram. Soc. 89 (2006) 395-407.

[32] W.Zheng, X. Lu, W. Wang, B. Dong, H. Zhang, Z. Wang, X. Xu, C. Wang, A rapidly
responding sensor for methanol based on electrospun In; 03-Sn0, nanofibers,
J. Am. Ceram. Soc. 93 (2010) 15-17.

[33] W. Wang, H. Huang, Z. Li, H. Zhang, Y. Wang, W. Zheng, C. Wang, Zinc
oxide nanofiber gas sensors via electrospinning, J. Am. Ceram. Soc. 91 (2008)
3817-3819.

[34] Z. Li, H. Zhang, W. Zheng, W. Wang, H. Huang, C. Wang, A.G. MacDi-
armid, Y. Wei, Highly sensitive and stable humidity nanosensors based
on LiCl doped TiO, electrospun nanofibers, J. Am. Chem. Soc. 130 (2008)
5036-5037.

[35] X.Song, D.Zhang, M. Fan, A novel toluene sensor based on ZnO-SnO; nanofiber
web, Appl. Surf. Sci. 225 (2009) 7343-7347.

[36] W. Jia, L. Su, Y. Ding, A. Schempf, Y. Wang, Y. Lei, Pd/TiO, nanofibrous mem-
branes and their application in hydrogen sensing, ]. Phys. Chem. C 113 (2009)
16402-16407.

[37] J.M. Giraudon, A. Elhachimi, F. Wyrwalski, S. Siffert, A. Aboukais, J.F. Lam-
onier, G. Leclercq, Studies of the activation process over Pd perovskite-type
oxides used for catalytic oxidation of toluene, Appl. Catal. B 75 (2007)
157-166.

[38] S.C. Tsang, C.D.A. Bulpitt, P.C.H. Mitchell, AJ. Ramirez-Cuesta, Some new
insights into the sensing mechanism of palladium promoted Tin(IV) oxide
sensor, J. Phys. Chem. B 105 (2001) 5737-5742.

[39] M.V. Vaishampayan, R.G. Deshmukh, LS. Mulla, Influence of Pd doping
on morphology and LPG response of SnO,, Sens. Actuators B 131 (2008)
665-672.

[40] A. Kolmakov, D.O. Klenov, Y. Lilach, S. Stemmer, M. Moskovits, Enhanced gas
sensing by individual SnO, nanowires and nanobelts functionalized with Pd
catalyst particle, Nano. Lett. 5 (2005) 667-673.

[41] V.N.Mishra, R.P. Agarwal, Sensitivity, response and recovery time of SnO, based
thick-film sensor array for Hz, CO, CH4 and LPG, Microelectron. J. 29 (1998)
861-874.

Biographies

Hongnan Zhang received his bachelor degree in chemistry at Jilin University in
2006. As a PhD student, he is working at Alan G. MacDiarmid Institute since 2006.
His current research activities are centered on the fields of functional nanomaterials.

Zhenyu Li received his PhD degree from Jilin University in 2007. He became a
research assistant of Jilin University in 2008. His research interests focus on the
one-dimensional nanomaterials.

Li Liureceived her PhD degree from the College of Electronics Science and Engineer-
ing, Jilin University, China in 2008. She was appointed as an associate professor in
College of Physics, Jilin University in 2006. Her present research interests are in the
field of sensing functional materials and chemical sensors.

Xiuru Xu received her bachelor degree in chemistry at Jilin University in 2009. As a
postgraduate student, she is working at the same university since 2009. Her current
research interests are centered on the one-dimensional functional nanomaterials.

Zhaojie Wang received his bachelor degree in chemistry at Jilin University in 2008.
As a PhD student, he is working at the same university since 2008. His current
research interests are centered on the one-dimensional functional nanomaterials.

Wei Wang received his bachelor degree in chemistry at Jilin University in 2007. As
a PhD student, he is working at the same university since 2007. His current research
activities are centered on the fields of functional nanomaterials.

Wei Zheng received his bachelor degree in chemistry at Jilin University in 2005. As
a PhD student, he is working at the same university since 2005. His current research
interests focus on the synthesis of one-dimensional nanomaterials.

Bo Dong received her bachelor degree in chemistry at Harbin Normal University in
2009. As a postgraduate student, she is working at Jilin university since 2009. Her
current research interests are centered on the one-dimensional functional nanoma-
terials.

Ce Wang is a professor of Department of Chemistry in Jilin University, China. She
received her BS degree in Department of Chemistry, Jilin University in 1982. She
received her PhD degree in Technische Universitdt Wien, Austria in 1995. And she
held her postdoctoral position in Drexel University from 1995 to 1997. Her current
research interests are electrospinning and polymer chemistry.



	Enhancement of hydrogen monitoring properties based on Pd–SnO2 composite nanofibers
	Introduction
	Experiment details
	Chemicals
	Preparation of Pd–SnO2 nanofibers
	Fabrication and measurement of H2 gas sensor based on our products
	Characterization

	Results and discussion
	Morphological and structural characteristics of our products
	Sensing properties

	Conclusions
	Acknowledgements
	References
	Biographies


