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Uniform hierarchical SnS; structures were synthesized by a facile solvothermal approach. Based on time-
dependent experiments results, a possible formation mechanism of the hierarchical SnS, architectures
was proposed. Mesoporous hierarchical SnO; also could be obtained by calcining the corresponding SnS;
structures. When used as the anode materials of rechargeable lithium-ion batteries, both of them showed
high specific capacities and enhanced rate capacities.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

As one kind of energy storage devices, lithium-ion batteries
(LIBs) have been extremely important power sources for vari-
ous portable electronic devices and electric vehicles in modern
society [1-5]. To keep pace with the rapid development of inte-
grated circuits and their high energy requirements, new materials
with better performance are urgently needed. Among various
anode materials, tin-based materials have been extensively studied
as possible alternatives for commercially available carbon elec-
trodes due to their high theoretical capacity for battery application
(781 mAh g1 for Sn0O,; 645 mAh g~ for SnS,), low cost, low toxic-
ity, and widespread availability [6-13].

Recently, inorganic hierarchical nanostructures with hollow
interiors have attracted increasing attention in many fields, because
of their extraordinarily high activated surface and roust stability
[14-18]. SnS, materials have shown good cycling stability as anode
for LIBs because of their two-dimensional (2D)-layered structures
[19-21]. However, electrochemical performances of such mate-
rials still need to be improved. Consequently, the morphology
controls of SnS; nanomaterials are actively pursued. In particular,
much efforts have been devoted to rational and skillful control of
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hierarchical and complex nanostructures self-assembled with
nanosheets [22,23]. Recently, Zai et al. synthesized three-
dimensional (3D) architectures with a red-embroidery-ball-like
structure, which significantly enhance their lithium storage capac-
ity and improve rate performance [24]. The improvement for such
3D hierarchical structures are related to their structural character-
istics, such as large surface area, greater accessibility to electrolyte,
faster transportation of Li*, and accelerated phase transitions. How-
ever, there are only a few reports on the synthesis of 3D SnS;
hierarchical structures. Thus, we have developed an alternative
method to prepare SnS, with 3D hierarchical structure. On the
other hand, SnO, materials with hierarchical structure can take
both the advantages of the nanometer size effects and the high
stability arisen from the micro- or sub-micro-sized assemblies
[25-27]. The conventional fabrication procedures of hollow struc-
ture generally involved hard templates or soft templates [28-30],
which related to tedious synthesis and high cost. Thus, it is of great
significance to develop a facile method to synthesize SnO, hierar-
chical nanostructures with hollow interiors from the view of both
scientific research and practical application.

In this work, a facile solvothermal approach was developed to
fabricate hierarchical SnS, microspheres. The formation mecha-
nism of the hierarchical SnS, microspheres was proposed based
on the systematic study. In addition, mesoporous hierarchical
SnO, microspheres have been obtained through calcining the
corresponding SnS, precursors while preserving their original
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Fig. 1. The typical XRD patterns of the hierarchical SnS, microspheres and hierar-
chical SnO, microspheres.

morphologies. When they were used as the anode for LIBs,
these unique hierarchical tin-based microspheres can significantly
enhance their lithium storage capacity, respectively.

2. Experimental
2.1. Preparation of hierarchical SnS; and SnO, microspheres

All the chemicals were of analytical grade and used as received
without further purification. In a typical procedure, 1.4g tetra-
chlorostannane pentahydrate (SnCls-5H,0), 1.2 g thioacetamide
(TAA) was dissolved in 100 mL ethanol to obtain the homoge-
nous solution. After being stirred for several minutes, the clear
solution was transferred into a 130 mL Teflon-lined autoclave
and maintained at 180°C for 24 h, then cooled to room temper-
ature naturally. The precipitate was collected by centrifugation
after being washed with distilled water and ethanol several times.
Finally, the product was dried completely in vacuum at 80°C. The
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Fig. 2. TGA and DSC curves of the SnS; sample.

mesoporous SnO, superstructures could be obtained by anneal-
ing the as-prepared SnS, in a muffle furnace at 500°C in air with
heating rate of 2°Cmin—1.

2.2. Characterization

The crystal structure of the products were determined by
X-ray powder diffraction (XRD, Cu Ko radiation; A=1.5408A)
with a SIEMENS D5000 X-ray diffractometer. Scanning electron
microscope (SEM) images were performed with a Hitachi S-4800
microscope. Thermogravimetry analysis was carried out on a Net-
zsch STA449C (at a heating rate of 10°Cmin~! in flow air).

2.3. Electrochemical measurement

The electrochemical properties of products were measured
using CR 2025-type coin cells. In a process of fabricating the LIBs,
The anode electrode consisted of 80 wt% active material, 10 wt%
conductive carbon black, and 10wt% binder (carboxyl methyl
cellulose) on a copper foil. One molar LiPFg in a mixture of eth-
ylene carbonate (EC), dimethyl carbonate (DMC) and ethyl methyl

Fig. 3. (a-c) SEM images of hierarchical SnS, microspheres; (d-f) SEM images of hierarchical SnO, microspheres.
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