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Abstract

Hollow Zn2SnO4@N–C composites were synthesized after the calcined process of precursor. The N-doped carbon coating layers, as a physical
buffering matrix to reinforce the hollow structure, prevent interparticle agglomeration and improve the electronic conductivity of the electrodes.
Compared with our previous studies, Zn2SnO4@N–C composites show an enhanced electrochemical performance (616 mA h g�1 after 45
cycles) and high rate capability. With rational and delicate design, this kind of composites may be the potential anode materials for lithium-ion
batteries.
& 2013 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

High capacity has become an important feature of electrical
storage devices, but is subject to dramatic reductions in most
rechargeable batteries [1]. As one of the most important
energy-storage devices, lithium-ion batteries have attracted
much attention in the scientific and industrial fields [2–5].
Despite its many advantages over other competing energy
storage technologies, there is a plenty of room for improve-
ments in terms of power rate, cycle performance, and safety
[6–8]. The development of new electrode materials is a key
factor to improve the property of lithium-ion batteries [9,10].
At present, graphite is widely used as an anode material for
lithium ion batteries, but its relatively low theoretical capacity
(372 mA h g�1) limits further applications [11–14].

MSnO3 or MSnO4 materials, as possible metal oxides
anodes, attract researchers' much attention for higher reversible
capacities, low cost, easy preparation and especially various
morphologies [15–19]. In addition, Zn2SnO4 have drawn more
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attention as anode materials for lithium-ion batteries [20–23].
In our previous studies, the monodispersed hollow Zn2SnO4

boxes without impurity particles or aggregates had been
synthesized by the simple co-precipitation and alkali etching
way [24]. The hollow boxes display an electrochemical
performance with high capacity and good cycling stability
than the solid cubes and those reported. However, they also suffer
from poor cycling performance owing to large specific volume
changes, pretty low electronic conductivity, nanoparticle aggrega-
tion during Li insertion/extraction processes [25–28]. Conductive
materials coating layers on the surface could improve the surface
conductivity and the electrical contact in the electrode and buffer
the volume change. Several methods of surface modification on
Zn2SnO4 have been developed to increase its electrical conduc-
tivity, electrical contact and alleviate the volume expansion,
such as using highly conductive carbon, graphene or conductive
polymer [29,30].
In this work, 1-methylimidazole, as a kind of liquid nitrogen-

containing organic compounds, was used as a carbon precursor
to form a conducting network in hollow Zn2SnO4 boxes for the
first time. 1-Methylimidazole was used as new precursors to
obtain N-doped graphitized carbon [31–33]. Compared with
conventional carbon precursors, 1-methylimidazole can penetrate
ghts reserved.
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into porous materials easily, because of it fluidic properties. This
is favorable for forming a thin carbon coating layer on the
surface of boxes. Thus, using a liquid 1-methylimidazole as
precursors has a significant advantage in tuning the composition
Fig. 1. (a) XRD pattern of the Zn2SnO4@N–C composites; (b) XPS survey
spectra of the Zn2SnO4@N–C composites; and (c) high resolution XPS
spectrum of N 1s in the Zn2SnO4@N–C composites.
and properties of the coating layer and the interphase, which is
essential for material design and optimization [30].
2. Experimental

2.1. Sample preparation

Hollow ZnSn(OH)6 boxes were prepared via a simple co-
precipitation and alkali etching method based on our previous
study [24]. The 1-methylimidazole was chosen as the precursor,
which is composed of only C, N, and H elements. 400 μL of
1-methylimidazole were mixed with ZnSn(OH)6 powder (0.8 g)
and then the mixtures were heated at 600 1C in Ar atmosphere
Fig. 2. (a and b) SEM and images of Zn2SnO4@N–C composites; (c) EDX
spectrum of Zn2SnO4@C composites; and (d) elemental mapping showing the
homogeneous distribution of all three elements of N, C, Sn, Zn and O in the
composite.
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for 3 h. The Zn2SnO4@N–C composites were obtained after the
sintering process.
2.2. Materials characterization

X-ray diffraction analysis (XRD) (Rigaku, model D/max-
2500 system at 40 kV and 100 mA of Cu Kα) was employed to
characterize structures of the prepared samples. The surface
morphology of the composites were performed by model
Tecnai F30 G2 (FEI CO, USA) field emission transmission
electron microscope (FETEM) and scanning electron micro-
scope (SEM, VEGA 3, The Czech Republic, TESCAN).

We used a multi-channel current static system Land (LAND
CT200IA) to evaluate the electrochemical performance of a
CR2016-type coin cell. The anode electrodes prepared consist
of Zn2SnO4@N–C (65 wt%) with acetylene black (15 wt%)
and PVDF (20 wt%) as a binder dissolved in 1-methyl-2-
pyrrolidinone (NMP) solution on a copper foil. Li foil was
used as counter electrode, polypropylene (PP) film (Celgard
2400) as separator. The electrolyte was a solution of 1 M
LiPF6 in a mixture of ethylene (EC), dimethyl carbonate
(DMC) and diethyl carbonate (DEC) (1:1:1, v/v/v).
Fig. 3. TEM images of Zn2SnO4
3. Results and discussion

Fig. 1a shows the XRD pattern of the Zn2SnO4@N–C
composites. The diffraction patterns of Zn2SnO4@N–C com-
posites match well with the standard data of Zn2SnO4 cubic
crystal structure, which the lattice constants is a¼8.657 Å,
b¼8.657 Å, and c¼8.657 Å (PDF# 24-1470). The peaks of
the N-doped carbon have not been obviously observed due to
the little content and the non-crystalline structure of it.
The XPS survey spectrum of Zn2SnO4@N–C composites is

shown in Fig. 2b. The peaks at about 399 eV and 285 eV
correspond to N 1s and C 1s, indicating the presence of N and C
in the coating layer. Typical high-resolution XPS spectrum of N
1s for the composites is shown in Fig. 2c. There are there peaks
at around 398.5, 400.5, and 401.5 eV can be attributed to the
C–N, CQN, and N–O bonds, respectively. The existence
of different C–N bonds indicates different configurations of
N-doped carbon: pyridine-like nitrogen with a C–N bond
together with a CQN bond and graphite-like nitrogen with
three C–N bonds [30].
The structure of hollow Zn2SnO4 boxes provides the ability of

exploiting coating of amorphous N-doping carbon around the
particle by sintering of N-containing organic compounds. The
@C composites (a, b, c, d).
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SEM images of Zn2SnO4@N–C composites are shown in Fig. 2a
and b. After N-doping carbon coating, there is no apparent change
in the box structure although their surface becomes slightly
Fig. 4. (a) comparative cycling performance of Zn2SnO4@N–C composites,
hollow Zn2SnO4 boxes and Zn2SnO4 cubes; these tests are conducted at a
current density of 300 mA g�1 between 0.01 and 2.0 V; (b) rate capability of
hollow Zn2SnO4 boxes which is obtained between 0.01 and 2.0 V at various
current densities; and (c) EIS of the Zn2SnO4@N–C composites and hollow
Zn2SnO4 boxes, including the equivalent circuit model of the studied system.
rougher. From Fig. 2b, granular carbon particles distribute on the
surface of boxes to form the thin carbon coating layer. The EDS
measurement confirms the co-existence of Zn, Sn, O, C and N
elements (Fig. 2c). From the results of EDS analysis, the mass
fraction of N element in the composites is about 5.53%.
It demonstrates that N is effectively retained in the carbon coating
layers after the sintering of 1-methylimidazole. The elemental
mapping evidences the distribution of all elements within the
composites, which is shown in Fig. 2d. It shows that N elements
appear with the emergence of C elements.
Fig. 3 shows the TEM images of Zn2SnO4@N–C compo-

sites. The hollow Zn2SnO4 boxes without carbon coating is
shown in the upper left corner of Fig. 3a. For the original
material, the surfaces of the boxes are smooth and edges are
flat without other particles agglomeration. For the composites,
both the surface and edges become rougher and there are lots
of small particles covered on the boxes (Fig. 3a–c), which also
can be seen in the SEM images, indicating that the carbon
coating is formed by carbon particles. Fig. 3d shows the
enlarged edge of boxes, which covered with a thin carbon layer
that benecial for mechanical reinforcement and enhancing
electronic conductivity of the structure.
The lithium storage capacity and cyclability of anodes in

lithium ion cells are determined by the charge/discharge
cycling. The comparison of the cycling performance between
Zn2SnO4@N–C composites, hollow Zn2SnO4 boxes and solid
Zn2SnO4 cubes are carried out, which is shown in Fig. 4a. After
45 cycles, the reversible capacity of hollow Zn2SnO4 boxes
retains 540 mA h g�1 at a current density of 300 mA g�1 and
the solid Zn2SnO4 cubes retain only 395.3 mA h g�1.
It indicated that the hollow structure can provide the larger
specific surface area, better electrolyte penetration and less inner
stress, which can buffer the large volume change and enhance
the cycling performance. The rapid fading of Zn2SnO4 could be
attributed to large volumetric expansion and contraction during
Liþ insertion and extraction and low electron conductivity of it.
However, the hollow Zn2SnO4@C–N composites show a better
cycle performance than those two and the discharge and charge
capacities are 616 mA h g�1 and 598 mA h g�1 at the 45th
cycle. Fig. 4b shows the rate capability of Zn2SnO4@N–C
composites which is obtained between 0.01 and 2.0 V at various
current densities. When increasing the current density to
600 mA g�1, 800 mA g�1, 1000 mA g�1, 1200 mA g�1, the
Zn2SnO4@N–C composites still could deliver a discharge
(charge) capacity of 490 (475) mA h g�1, 419 (405) mA h g�1,
354 (344) mA h g�1, 297 (287) mA h g�1 up to 45 cycles,
respectively. This excellent rate performance and cycling
performance could result from the two strategies: the hollow
inner and N-doped carbon coating, which not only greatly
enhances the electric conductivity but also remarkably increases
the surface stability of Zn2SnO4 boxes and relieves the internal
stress volume changes during Liþ insertion/extraction. Fig. 4c
shows the EIS analysis of the electrodes of Zn2SnO4 boxes and
Zn2SnO4@N–C composites at 0.5 V from 0.01 Hz to 100 kHz
after 45 cycling. The impedance curves consist of one semicircle
in the medium frequency region and an inclined line in the low-
frequency region. Both the impedance plots can be fitted by the
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equivalent circuit diagram. The plots show that the semicircle
arc of Zn2SnO4@N–C composites is smaller than the Zn2SnO4

boxes, which presents a smaller electrochemical reaction
resistance due to the N-doped carbon coating layers. Conclu-
sively, the electrode conductivity can be greatly increased by the
N-doped carbon adding.
4. Conclusion

In summary, the hollow Zn2SnO4@N–C composites are
synthesized after the calcined process of precursor 1-methy-
limidazole. Compared with the solid (hollow) Zn2SnO4, the
Zn2SnO4@N–C composites with a unique hollow structure and
N-doped carbon coating exhibit improved structural stability
and cycling performance. The hollow interior could provide
larger specific surface area, better electrolyte penetration and less
inner stress. Additionally, the N-doped carbon layer played an
important role for buffering the volumetric change of the boxes,
and enhancing the ion and electron conductions. With rational
and delicate design, this kind of composites may be the potential
anode materials for lithium-ion batteries.
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