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SnO2/N-doped graphene (SnO2-NG) composite is synthesized by 
a rapid, facile, one-step microwave-assisted solvothermal 
method. The composite exhibits excellent lithium storage 
capability and high durability, and is a promising anode 
material for lithium ion battery. 

Lithium ion batteries are now dominant power sources for portable 
electronic devices due to high energy density and long cycle life. 
However, the commercial used carbon anode materials (theoretical 
specific capacity of 372 mA h g-1) can’t meet the increasing 
demands of critical applications, such as electric vehicles and smart 
grids. Therefore, it is urgent to develop new high energy capacity 
anode materials. Tin oxide (SnO2) has been regarded as a promising 
anode material, with advantages such as high theoretical specific 
capacity (782 mA h g-1), low cost and environmental friendliness.1-7 
However, SnO2 as a semiconductor possesses low conductivity. 
Furthermore, SnO2 suffers huge volume change ~300% during 
charge/discharge cycling leading to pulverization and detachment 
with the current collector, which results in capacity decay and poor 
rate performance.8,9 

To circumvent the above problems, an effective way is to 
synthesize composite with graphene. N-doped graphene not only 
inherit the merits of graphene, such as large surface area, exceptional 
physical and chemical properties, but also obtain tailored properties 
and broadened applications, such as catalysis and energy storage.10-15 
SnO2/graphene composite is usually synthesized by mechanical 
mixing, solvothermal and hydrothermal methods, etc.16-19 Recently, 
Guo et al. synthesized SnO2/N-doped graphene hybrid by mixing 
SnO2 nanocrystals with graphene oxide (GO) and subsequent 
hydrazine monohydrate vapor reduction.20 However, there are few 
reports about using microwave-assisted solvothermal method. 
Comparing with convenient hydrothermal/solvothermal method, 

microwave-assisted method is more effective in time and energy 
saving, facile composition and size control, etc.21-25 

Herein, we designed a rapid, facile microwave-assisted 
solvothermal method for synthesis SnO2/N-doped graphene 
composite, which presented several advantages: (a) the process was 
one-pot, took only a few minutes and needed no further treatment; (b) 
fast Li-ion diffusion was obtained due to the small size of SnO2 
nanocrystals; (c) N-doped graphene not only provided fast electron 
and ion transfer channel, but suppressed the aggregation of SnO2 
during cycling. The electrochemical properties of the composite as 
anode material were tested by galvanostatic charge/discharge cycling. 
The results indicated that the composite possessed both good cycling 
property and high-rate capacity. The superior performances were 
attributed to the synergistic effect from both components. 

During the synthesis process, Sn4+ ions were firstly anchored on 
graphene oxide due to electrostatic attraction. Later, urea was 
decomposed to release ammonia, which promoted the synthesis of 
Sn(OH)4 and acted as N source for doping in graphene. Ethylene 
glycol (EG) was adopted as reducing agent for GO.26-28 This 
procedure provided a time and energy saving method for synthesis 
N-doped graphene-metal oxide composite. 

In the XRD patterns (Fig. S1) of SnO2 nanocrystals and SnO2-NG 
composite, the broaden peaks for both can be indexed to tetragonal 
SnO2 (JCPDS 41-1445) and indicate the small size of SnO2 

nanocrystals. As for SnO2-NG composite, the (002) peak of 
graphene has not been observed, which may due to the relatively 
weak intensity and overlapping with the (110) peak of SnO2. As 
shown in Fig. S2, tiny SnO2 nanocrystals are loosely assembled in 
graphene free sample. In contrast, SnO2 nanocrystals are densely 
anchored on graphene nanosheets in SnO2-NG composite (Fig. 1). 
The HRTEM image (Fig. 1b) displays that the SnO2 nanocrystals are 
with an average size about 3 nm and the 0.33 nm lattice fringes are 
corresponding to the (110) planes of tetragonal SnO2. The TGA 
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curve (Fig. S3) indicates that the content of SnO2 in the composite is 
around 75 wt%. Additionally, elemental mapping images (Fig. S4) 
reveal that N, C and Sn elements are uniformly dispersed in the 
composite. 

 

Fig.1 TEM (a) and HRTEM (b) images of SnO2/N-doped graphene 
composite. 

The reducing process of GO and formation of N-doped graphene 
are further investigated by X-ray photoelectron spectroscopy (XPS). 
The C1s XPS spectra (Fig. S5) manifest three peaks corresponding 
to C-C bond (284.6 eV) of sp2 carbon, C-O (~286.6 eV) and C=O 
(~288.7 eV) bonds, respectively.29 The peak intensities of C-O and 
C=O bonds are greatly reduced and the C-C bond content is 
increased after the solvothermal reaction. Furthermore, C-N bond 
(~286.0 eV) is introduced after N doping.30 

N、C and Sn elements are obviously seen in the XPS spectrum 
(Fig. 2a). The pressure produced in the solvothermal process has a 
promotive effect on reduction and N-doping of GO.31 However, N 
element is not found in the XPS spectrum of SnO2-graphene hybrid 
synthesized by microwave refluxing at 90 oC.32 Therefore it may be 
concluded that temperature and pressure are vital for N doping in 
graphene. The deconvoluted N 1s spectrum (Fig. 2b) is fitted by two 
main peaks at 398.3 eV and 399.4 eV, respectively, and which 
correspond to pyridinic N and pyrrolic N.31,33 Based on the XPS 
result, the atomic ratio of N element is 1.2% and the ratio between 
pyridinic N and pyrrolic N is 70%. It was reported that the pyridinic-
like structure can provide a feasible pathway for Li ion penetration.34 

N-doped graphene are beneficial for transportation of both electron 
and Li ion. Therefore good rate performance can be expected for the 
composite. 

 

Fig.2 The XPS (a) and deconvoluted N 1s (b) curves of SnO2/N-
doped graphene composite. 

The electrochemical properties of SnO2 nanocrystals and SnO2-
NG composite are characterized by galvanostatic discharge/charge 
measurements at various C rates. Considering the theoretical specific 
capacities of SnO2 and graphene (782 mA h g-1 and 744 mA h g-1) 
are close, here 1 C denotes as 782 mA h g-1. The cycle performances 
of SnO2 nanocrystals and SnO2-NG composite at 1 C rate are shown 
in Fig. 3a. The cells are firstly discharge/charge 10 cycles at 0.3 C. 
For SnO2 nanocrystals, the first discharge capacity reaches 1233 mA 
h g-1. However, the capacity shows continuous decay along with 
cycle processing and only retains 65 mA h g-1 after 270th cycle at 1 C 
rate. This feature is common for pristine SnO2 nanocrystals, due to 
the pulverization and detaching contact with current collector as 
mentioned above. In contrast, the initial discharge capacity of SnO2-
NG is much higher and reaches 1807 mA h g-1. In the 1st cycle at 1 C 
rate, the capacity reaches 999 mA h g-1 and retains 853 mA h g-1 
after 270th cycle at 1 C. The capacity is higher than the theoretical 
specific capacities of SnO2 and graphene. This may be resulted from 
the extra lithium storage capacity provided by polymeric gel-like 
films.35-37 

The typical charge/discharge curves of SnO2-NG composite at 
various C rates are illustrated in Fig. 3b. The discharge capacities 
reach 1123, 969, 818, 580 and 369 mA h g-1, when current rates are 
0.3 C, 1 C, 2 C, 5 C and 10 C, respectively. Even at 10 C rate, the 
capacity is still comparable with the theoretical capacity of graphite. 

As shown in Fig. 3c, the rate performance of pristine SnO2 
nanocrystals is relatively poor. The capacity reaches only about 20 
mA h g-1 at 10 C rate. Though it increases to 448 mA h g-1 when 
current rate reverts to 0.3 C, a fast decay is obvious and the capacity 
retains only 85 mA h g-1 after 170 cycles at 0.3 C. In contrast, SnO2-
NG composite shows much better rate performance (Fig. 3d). After 
10 cycles at 10 C, the capacity reverts to 981 mA h g-1 and retains 
937 mA h g-1 after 170 cycles at 0.3 C. The capacity retention 
reaches 96%, which is much higher than that of SnO2 nanocrystals. 

 

Fig.3 (a) Cycle performance of SnO2 nanocrystals and SnO2-
NG electrodes at 1 C; (b) Typical charge-discharge curves of 
SnO2-NG electrode at various C rates; rate performance of (c) 
SnO2 nanocrystals and (d) SnO2-NG electrodes at various 
current densities from 0.3 to 10 C with respect to the cycle 
numbers. 
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The structure of SnO2-NG electrode after 270th cycle at 1 C is 
shown in Fig. S6. Tiny nanocrystals still densely anchor on graphene 
as before and no aggregation appears. In HRTEM, the lattice fringe 
of 0.36 nm is corresponding to the (220) planes of Li2Sn5 
(JCPDS 74-0561). Therefore it can be concluded that the 
composite has good structure stability and thus superior cycling 
stability is achieved. 

In summary, superior electrochemical properties are realized 
from SnO2-NG composite synthesized by microwave-assisted 
solvothermal method. The high-performance lithium storage 
properties are due to the synergistic effect from both SnO2 
nanocrystals and N-doped graphene. SnO2-NG composite is a 
promising anode material, and the procedure used here may 
provide a time and energy saving method for synthesizing other N-
doped graphene-metal oxide composite. 
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Foundation of China (21221061). 
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