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HIGHLIGHTS

GRAPHICAL ABSTRACT

e The flower-sheet SnO, sensor dis-
played particular response to the
target gas.

The flower-sheet SnO, sensor displayed particular response to the target gas, rendering SnO, as a
potential gas-sensing material for a broad range of future sensor applications.

e Property improvement is indepen-
dent of operating temperature and

gas concentration.

e Enhanced key gas sensing property
meets basic needs for practical
applications.

e Sensing properties of nanocrystals
can be improved by tailoring their
shape and structure.
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We successfully synthesized variant hierarchical assembled flower-like SnO; via a simple hydrothermal
technique and subsequent calcination. The structures and morphologies of the 3D nanostructures were
investigated by means of powder X-ray diffraction (XRD) and field-emission scanning electron
microscopy (FE-SEM). The formation mechanism of these materials were proposed in detail. The gas-
sensing performances of the as-prepared SnO, were investigated towards ethanol. It is noted that the
flower-sheet SnO, sensor displayed particular response to the target gas, rendering SnO, as a potential
gas-sensing material for a broad range of future sensor applications.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Tin oxides (SnO,), an important functional material with a wide
direct band gap (E;=3.6 eV) has attracted vast interests due to its
physical and chemical properties [1], and its tremendous potential
applications in the field of catalysts [2], solar cell [3,4], optoelec-
tronic devices [1,5], electrode materials [6] and gas sensors [7-9].
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Moreover, SnO, is one of the promising candidates for gas sensing
properties because of its high sensitivity and selectivity to differ-
ent gases, for instance, H,S [10], Hy, [11], CoHsOH [12-14], CO [15],
and volatile organic compounds (VOC) [16]. In general, most of the
applications, including many of its excellent intrinsic properties,
depend critically on its specific structure and morphology [17].
Thus, it is of great interest to design and fabricate SnO, nanos-
tructures with novel morphologies [18].

Recently, in order to enhance the multi-functionality and tailor
esthetic morphologies, great interests have been focused on the
synthesis of SnO, complex nanoarchitectures. Particularly, 3D
hierarchical architectures that are assembled using 1D and 2D
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Fig. 1. (a) Schematic of the gas sensor configuration. (b) The electric circuit which was used to test the gas-sensing properties.

nanoscale building blocks. Up to now, numerous types of 3D
hierarchical nanostructures have been designed and synthesized
in current reports such as highly oriented straight SnO, nanowire
arrays [19], SnO, hierarchical nanostructures, and flowerlike SnO,
nanorod bundles [20]. Various routes, such as the thermal eva-
poration technique [21], the sol-gel method [22,23], chemical
vapor deposition (CVD) [24] and so forth have been employed
successfully to assemble building blocks into 3D ordered super-
structures. Among them, the hydrothermal method provides a
mild condition with low cost and effective way for the preparation
of SnO, nanocrystals which have a narrow size distribution, little
or no micro-agglomeration, well crystallization and phase homo-
geneity [25]. Besides, hydrothermal treatments present a positive
effect in enhancing thermal stability and gas response [26].

Flower-like morphology, as a special three-dimensional struc-
ture, has been paid much attention in the recent years because of
its good performance in gas sensing properties [27]. Herein,
flower-rod, flower-sheet and sphere-like morphologies of SnO,
nanostructures were successfully synthesized via a simple hydro-
thermal technique. Furthermore, the crystal structure, morpholo-
gies, growth mechanism are elaborated, and their ethanol sensing
properties are also investigated. We found that the unique 3D
flower-sheet SnO, nanostructures showed the best sensing prop-
erties to ethanol owing to the largest specific surface area.

2. Experimental
2.1. Synthesis of SnO, flower-sheets and nanospheres

All chemicals are analytical-grade reagents from Chongqing
Chuandong Chemical Reagent Co., Ltd. and are used without any
further purification. The SnO, with desirable nanostructures was
fabricated via the hydrothermal process. Typically, SnCl,-2H,0
(4 mM), NasCgHs507-2H,0 (14 mM) were dissolved into a basic
ethanol-water solution completely. Then 0.1 g NaOH was added
and continuously stirred for 10 min. After that, the mixtures were
transferred into a Teflon-lined stainless steel autoclave, and then
heated in an oven at 180 °C for 12 h. After cooling to room
temperature naturally, the product was collected by centrifugation
and washed several times with distilled water and absolute
ethanol, subsequently. A yellow precipitate was harvested by
centrifugation and dried at 60 °C overnight. Finally, the sample
was sintered at 400 °C for 2 h.

2.2. Synthesis of SnO, flower-rod and nanosphere

In a typical hydrothermal process, SnCl, - 5H,0(0.45 g), NaOH
(0.4 g) were dissolved into 40 ml basic mixture of ethanol and

water (1/1, V/V) completely. Next, 0.08 g citric acid was dissolved
into the mixture solution. Afterwards, the solution was transferred
into a Teflon-lined stainless steel autoclave and maintained at
190 °C for 24 h. Finally, the product was collected by centrifuga-
tion, washed with distilled water and ethanol for several times,
and finally dried at 60 °C overnight. SnO, nanospheres were
obtained in the same process except that citric acid was added.

2.3. Structure characterization

The phase structure and phase purity of the as prepared
samples were characterized by X-ray diffraction (XRD) using a
Rigaku D/Max-1200X diffractometer with CuKa radiation (30 kV,
100 mA). The morphology of the obtained products was investi-
gated using a Nova 400 Nano field emission scanning electronic
microscopy (FE-SEM).

2.4. Gas-sensing property characterization

The gas sensors were fabricated by first dispersing the mixed
powders with ethanol to form pastes. The pastes were subsequently
coated onto an alumina ceramic tube to form a thin layer of sensing
film (thickness about 10-20 pm), positioned with a pair of Au
electrodes at each end point. After drying at 400 °C for 2 h in air, a
Ni-Cr heating wire was inserted into the alumina tube to control the
operating temperature by tuning the heating voltage. The structure
and photograph of the sensor are shown in Fig. 1.The gas sensors were
finally aged at 240 °C for 72 h to improve stability and repeatability.

The gas sensing properties of the samples were conducted using a
HW-30A gas sensitivity instrument (Hanwei Electronics Co. Ltd., PR
China). The gas was introduced by injecting a given amount of target
gas into the glass chamber. The operating temperature of the sensor
could be adjusted via varying the heating voltage (V). The resistance
(R) of the gas sensor was estimated from R=R;(V.— Vou)[Vour, Where
Ve and V¢ were the circuit and output voltage, respectively. In this
paper, we described the sensitivity as gas response (S), which was
defined as S=R,/R,, where R, and R, were resistances of the sensors in
air and ethanol vapor, respectively. And the response and recovery
time are counted as the time taken by the sensor to reach 90% of the
total resistance change in the case of adsorption and desorption,
respectively.

3. Results and discussion
3.1. Structural and morphological characterization

The phase and purity of the products were identified by X-ray
powder diffraction (XRD) measurement. Fig. 2 illustrates the
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