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ABSTRACT: The SnO2@C@GS composites as a new type of 3D nanoarchitecture have been successfully synthesized by a
facile hydrothermal process followed by a sintering strategy. Such a 3D nanoarchitecture is made up of SnO2@C core−shell
nanospheres and nanochains anchored on wrinkled graphene sheets (GSs). Transmission electron microscopy shows that these
core−shell nanoparticles consist of 3−9 nm diameter secondary SnO2 nanoparticles embedded in about 50 nm diameter primary
carbon nanospheres. Large quantities of core−shell nanoparticles are uniformly attached to the surface of wrinkled graphene
nanosheets, with a portion of them further connected into nanochains. This new 3D nanoarchitecture consists of two different
kinds of carbon-buffering matrixes, i.e., the carbon layer produced by glucose carbonization and the added GS template, leading
to enhanced lithium storage properties. The lithium-cycling properties of the SnO2@C@GS composite have been evaluated by
galvanostatic discharge−charge cycling and electrochemical impedance spectroscopy. Results show that the SnO2@C@GS
composite has discharge capacities of 883.5, 845.7, and 830.5 mA h g−1 in the 20th, 50th and 100th cycles, respectively, at a
current density of 200 mA g−1 and delivers a desirable discharge capacity of 645.2 mA h g−1 at a rate of 1680 mA g−1. This new
3D nanoarchitecture exhibits a high capability and excellent cycling and rate performance, holding great potential as a high-rate
and stable anode material for lithium storage.
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1. INTRODUCTION
Rechargeable lithium-ion batteries (LIBs) have been widely
applied in portable electronics, implantable medical devices,
and power tools, and have increasing usage in hybrid or full
electric vehicles.1,2 Extensive efforts have been devoted to the
development of new electrode materials with large reversible
capacity, long cycle life, sound rate performance, and high
safety standards.3−8 At the same time, much attention has been
focused on the improved conductivity of electrodes.9−11

SnO2 is one of the most promising anode candidates, owing
to its abundance, low discharge potential (<1.5 V), and high
theoretical capacity (790 mA h g−1).12,13 However, the
extremely high volume expansion (up to 250%) induced by
the alloying reaction with lithium is the bottleneck for the
practical application of SnO2 anodes. The so-called pulveriza-
tion problem can cause a breakdown in electrical contact

between SnO2 and the current collector, leading to quick
capacity fading upon extended cycling.14

One of the mitigating strategies is to build unique
nanostructured SnO2 that can buffer the excessive volume
change, which includes 0D nanoparticles,15 1D nanorods/
nanowires/nanotubes,16−18 2D nanosheets,19,20 and 3D hollow
or porous nanostructures.21,22 Some of these nanostructures
exhibited enhanced reversible capacities in LIBs. Nevertheless,
the improvement in the cyclability of such SnO2-based anode
materials is limited because the large specific volume change
and the aggregation problem of nanoparticles in repetitive
charging and discharging of the battery were not solved, which
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cause mechanical failure and the loss of electrical contact at the
anode. Another effective approach is to introduce carbonaceous
materials to form SnO2/C composites,23,24 including amor-
phous carbon, carbon nanotubes, and graphene.25−29 Study of
the SnO2/C composites has well demonstrated that the elastic
nature of carbon supports can provide a cushion effect against
the volume strain. At the same time, carbon-based materials act
as conductive paths that could promote electron transfer during
the lithiation and delithiation process. However, while the
SnO2/amorphous carbon composites (especially for SnO2@
carbon core−shell nanostructures)28,30−33 exhibit an excellent
electrochemical cycling performance, the obtainable power
density is rather poor because of the low electronic
conductivity. Graphene sheet (GS), a honeycomb network of
sp2 carbon atoms, has attracted enormous interest as an
intriguing substrate to build nanohybrids for energy storage
applications.34 GS has outstanding electrical conductivity,
excellent mechanical flexibility, a high specific surface area of
over 2600 m2 g−1, and high thermal and chemical stability.35−38

Various graphene-based SnO2 hybrids have been developed and
have shown improved lithium storage.39−42 However, because
the volume expansion ratios of graphene and tin during lithium
insertion/deinsertion are dramatically different, the SnO2
nanoparticles can peel off from the graphene surface during
lithiation/delithiation, which led to the capacity fading in
previous reports on SnO2/graphene anodes.41,42 Therefore,
SnO2/amorphous carbon/graphene would be an optimal
choice to improve the power density and capacity stability of
a SnO2 electrode.43,44 However, these reports28,33 on SnO2/
amorphous carbon/graphene focused on amorphous carbon-
coated SnO2/graphene composites, which showed a lack of
effective control of carbon layers on SnO2, leading to
incomplete carbon coating for these SnO2/C composites. In
addition, our previous studies23,24 have demonstrated that the
moderate thickness of the carbon shell for SnO2@C composites
contributes to optimal electrochemical performances for
desirable lithium storage capacity and long cycle life.
In the present investigation, we report a new type of 3D

nanoarchitecture, SnO2@C core−shell nanospheres and nano-
chains anchored on wrinkled graphene sheets (SnO2@C@GS),
prepared by a novel and facile hydrothermal and sintering
continuous approach. The similar approach can be used to
synthesize SnO2/graphene sheets (SnO2/GS) composites,
carbon@graphene sheets (C@GS) composites, and SnO2
nanoparticles, respectively, as well as can be demonstrated in
the preparation of SnO2@C core−shell nanochains.23,24 More
importantly, the 3D nanoarchitecture of the SnO2@C@GS
composites, which integrates all of the aforementioned design
principles, has several advantages as anode materials for LIBs,
including large surface area, excellent mechanical flexibility,
structural stability, and electrical conductivity. As a result, the
obtained SnO2@C@GS composites displayed superior electro-
chemical performance with large reversible capacity, excellent
cycling lifetime, and high rate performance. They are
particularly promising as anodes for ultrafast and stable lithium
storage.

2. EXPERIMENTAL SECTION
2.1. Material Synthesis. Graphene oxide (GO) was first

synthesized using a modified version of Hummers’ method.33

According to our previous works, the SnO2@C@GS precursor was
prepared by a facile hydrothermal process.23,24 In a typical synthesis,
36 mg of GO was dispersed into 36 mL of deionized water by

sonication for 1 h. Next, 284 mg of Na2SnO3 and 5 g of D-glucose were
dissolved in the resultant GO solution by stirring for 0.5 h. The
resultant mixture was then transferred into a 50 mL Teflon-lined
stainless steel autoclave, sealed, and kept at 180 °C for 4 h in an oven
before cooling to room temperature. The product was harvested by
centrifugation and washed with deionized water and ethanol. Under
the same conditions and different reactants via the same hydrothermal
process (Table.1), the above approach was used to prepare a SnO2/GS

precursor in the absence of glucose, single SnO2 nanoparticles in the
absence of GO and glucose, and a C@GS precursor in the absence of
Na2SnO3. Finally, the as-prepared SnO2/GS, SnO2@C@GS, and C@
GS precursors are sintered at high temperature (700 °C) for 2 h under
an argon atmosphere.23,45

2.2. Material Characterization. The structure and morphology of
the as-prepared samples were analyzed by X-ray diffraction (XRD;
Rigaku, D/max 2500v/pc), laser Raman spectroscopy (Renishaw in
Via), field-emission scanning electron microscopy (FE-SEM; Philips
FEI Quanta 200 FEG), and transmission electron microscopy (JEOL-
2010 microscope operated at 200 kV). Nitrogen adsorption−
desorption isotherms were measured on a Gemini-2360 analyzer
(Micromeritics Co., USA) at 77 K. The Brunauer−Emmett−Teller
(BET) method was utilized to calculate the specific surface area, while
the Barrett−Joyner−Halenda method was used to derive pore-size
distributions from the desorption branches of the isotherms. The total
pore volumes, Vp, were estimated from the amount adsorbed at a
relative pressure of P/P0 = 0.95. In addition, thermogravimetric
analysis (TGA) was carried out on a Netzsch TG 209 apparatus under
an air flow at a rate of 50 mL min−1 with a heating rate of 10 °C min−1.

2.3. Electrochemical Measurement. The electrochemical
performance was tested by assembling CR2025 coin cells in a
glovebox filled with ultrapure argon, using lithium metal as a counter
anode. The working electrode was composed of active material
(SnO2@C/GS or SnO2/GS, C/GS), carbon black (Super-P), and
binder (PVDF) at a weight ratio of 80:10:10. A microporous
polypropylene film (Celgard 2400) was elected as a separator, and a
1 M solution of LiPF6 in ethylene carbonate and diethyl carbonate
(1:1 by volume) was used as the electrolyte. The galvanostatic charge−
discharge was conducted with a battery tester (Neware, Shenzhen,
China). The profiles of charging and discharging curves were obtained
over a voltage range of 5 mV to 2 V (vs Li+/Li) at a current density of
200 mA g−1 after activation at lower current density. Electrochemical
impedance spectroscopy measurements were performed in the
frequency range from 100 kHz to 10 MHz by applying an
alternating-current (ac) signal of 5 mV.

3. RESULTS AND DISCUSSION
The structure and composition of the as-prepared SnO2@C@
GS composites were initially investigated by XRD and Raman
spectroscopy. The XRD pattern in Figure 1A provides clear
evidence that the products are composed of one crystalline
phase, namely, tetragonal SnO2 with a cassiterite structure
(JCPDS card no. 41-1445). No other phases were found.
Calculated from the (110) peaks in the XRD pattern, the
crystal size of the SnO2 particles is about 5 nm. The

Table 1. Reactant Comparison of the Precursors of the
Samples Obtained after the Hydrothermal Process under the
Same Conditions

precursor of the
sample reactants

SnO2@C@GS GO (36 mg), Na2SnO3 (284 mg), glucose (5 g), and
H2O (36 mL)

SnO2@C20,21 Na2SnO3 (324 mg), glucose (6 g), and H2O (40 mL)
SnO2/GS GO (36 mg), Na2SnO3 (284 mg), and H2O (36 mL)
SnO2 Na2SnO3 (284 mg) and H2O (36 mL)
C@GS GO (36 mg), glucose (5 g), and H2O (36 mL)
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unobservable peak at 10.3° shows that the reduction of GO to
graphene is almost completed (Figure S1 in the Supporting
Information, SI). The Raman spectra of the products also
demonstrate the existence of carbon, graphene, and SnO2
nanoparticles in the products.27 As shown in Figure 1B, two
typical carbon peaks at about 1340 cm−1 (D band) and 1595
cm−1 (G band) are observed. Meanwhile, three peaks can be
observed at 477, 631, and 769 cm−1, corresponding to Eg, A1g,
and B2g vibrations of the SnO2 nanoparticles.

29 The intensity
ratio of the D band to the G band, ID/IG, of SnO2@C@GS is
higher than that of GS. The obvious enhancement of the
intensity ratio in the SnO2@C@GS composites can be
attributed to the carbon coating and the increase of disorder

in the graphene resulting from an aggressive hydrothermal
reaction and the SnO2 nanoparticles.

29

The morphology and microstructure of the as-prepared
SnO2@C@GS composites were initially observed by FE-SEM
and TEM. As shown by the SEM image (Figure 2A), it can be
seen that a number of irregular nanosheets stack together and
some particles coat on their surface. A larger-magnification
SEM image shows that these irregular nanosheets are wrinkled
and some particles (nanospheres) attach on their surface
(Figure S2 in the SI). The TEM image (Figure 2B) shows that
numerous core−shell nanospheres with a mean size of about 50
nm are attached on the surface of wrinkled nanosheet and some
of them interconnect together to form a nanochain structure.

Figure 1. SnO2@C@GS composites: (A) XRD pattern; (B) Raman spectra.

Figure 2. SnO2@C@GS composites: (A) SEM; (B) typical TEM; (C) enlarged TEM; (D) HRTEM and enlarged HRTEM (inset, bottom) and the
corresponding SAED pattern (inset, top).
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The local magnification (Figure 2C) reveals more clearly that a
lot of nanoparticles with a mean size of about 5.34 nm (inset in
Figure 2C) gather and contact together within thin outer
shells23 to form inner cores with a diameter of 35 ± 5 nm, and
these inner cores as well as graphene nanosheets are
interconnected by the functional outer shells. A high-resolution
TEM (HRTEM) image (Figure 2D) clearly shows a single
core−shell nanosphere with a thickness of the carbon shell of
about 5 nm and a diameter of the SnO2 nanoparticles from 3 to
9 nm. The HRTEM image (inset in Figure 2D) shows clear
lattice fringes for the (110) plane in tetragonal SnO2 with a d
spacing of 0.33 nm. The selected-area electron diffraction
(SAED) pattern (inset in Figure 2D) can be indexed to
tetragonal SnO2. Obviously, the newly designed 3D nano-
architectures of SnO2@C@GS composites are made of SnO2@
carbon core−shell nanospheres and nanochains grown on
wrinkled graphene nanosheets by a simple hydrothermal
treatment and a subsequent sintering strategy.
In order to get insight into the growth mechanism of the 3D

nanoarchitecture of SnO2@C@GS composites, we carried out a
group of control experiments using different reactants in the
preparation of SnO2/GS composites, single SnO2 nanoparticles,
and graphene@C composites, as shown in Figure 3. Control
experiments were carried out by alternating different reactants
(Table 1) under the same conditions via the same hydro-

thermal process. The SnO2/GS composites (Figure 3A) show
that very dense nanoparticles with diameters ranging between 4
and 14 nm (8−9 nm on average; inset in Figure 3A) are
attached on the surface of a wrinkled sheet. The SnO2

nanoparticles (Figure 3B) have diameters ranging between 10
and 26 nm (16−18 nm on average; inset in Figure 3B).
However, the C@GS composites (Figure 3C) present the
morphology of a soft, wrinkled, and curly film, which is only
composed of carbon materials identified by Raman spectros-
copy (inset in Figure 3C). Upon comparison with that of GO
(Figure S1 in the SI), it is very obvious that the C@GS
composites are made from GO sheets coated with thin
amorphous carbon layers. Figure 3D shows the XRD patterns
of SnO2/GS composites and SnO2 nanoparticles, indicating the
presence of SnO2. To compare the size of SnO2 nanoparticles
in SnO2@C@GS, SnO2/GS composites, and pure SnO2

nanoparticles, respectively, it is very clear that the diameters
of SnO2 nanoparticles of SnO2@C@GS composites are the
smallest, suggesting that glucose molecules can act as a
surfactant to control the growth of SnO2 nanoparticles. The
overall synthetic procedure along with a detailed mechanism of
SnO2@C@GS composites is illustrated in Scheme 1. The
SnO2@C@GS composites as a new type of 3D nano-
architecture have been successfully synthesized by a facile
hydrothermal process (I) and a subsequent sintering treatment

Figure 3. TEM images of SnO2/GS (A), SnO2 (B), and C@GS (C). XRD patterns (D) of SnO2/GS and SnO2. Particle size distributions of the
SnO2/GS composite (inset in A) and pure SnO2 (inset in B). Raman spectrum of C@GS (inset in C).
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(II). At the beginning of the hydrothermal process, GO (A)
should be further dispersed in an aqueous solution of glucose,
and Na2SnO3 hydrolyzes to form a lot of small SnO2 clusters
(E). Because of weak interaction such as van der Waals forces,
hydrogen bonding, or electrostatic repulsion, which is often
vulnerable to strong extraneous elements,46,47 glucose mole-
cules are adsorbed onto the surface of GOs as well as SnO2
clusters similarly to surfactant molecules (i). With an increase
of the temperature, the glucose carbonizes hydrothermally to
form a hydrochar layer on the surface of GOs (hydrochar C@
GS precursor) and SnO2 clusters (small hydrochar C@SnO2
nanoparticles), respectively (F). Small hydrochar C@SnO2
nanoparticles further aggregate to form a core−shell nano-
sphere or nanochain structure (ii). A 3D nanoarchitecture of

the SnO2@C@GS precursor (B) is formed by further cross-
linking hydrochar layers of the nanospheres or nanochain and
hydrochar C@GS precursor (iii). Finally, the SnO2@C@GS
precursor is heated at high temperature (700 °C) for 2 h under
an argon atmosphere, and a SnO2@C@GS composite (C) is
achieved. Scheme 1D shows the cross section of the SnO2@
C@GS composite, suggesting that GS and SnO2 nanoparticles
are coated by the same amorphous carbon layer. Thus, the
entire carbon layer including sandwiched GS can be used as a
mini current collector.
The total carbon content (the GS and carbon resulting from

carbonization of glucose) of the SnO2@C/GS composites was
determined by TGA (Figure 4A). The results show that no
weight loss is observed for the SnO2 nanoparticles (black line).
However, an abrupt mass loss occurs between 350 and 550 °C,
indicating the oxidation and decomposition of amorphous
carbon and graphene in air. The mass fraction of graphene in
the SnO2/GS sample is about 6 wt % (red line), and the mass
fraction of SnO2 in the SnO2@C@GS sample can be easily
determined to be about 47 wt % (blue line), suggesting that the
total amounts of graphene and amorphous carbon in SnO2@C/
GS may be around 53 wt %.
The surface area of the SnO2@C/GS composite was

characterized by nitrogen adsorption and desorption isotherms
(Figure 4B). The surface area of the SnO2@C/GS composites
is 354.59 m2 g−1. In addition, the average pore diameter is
about 5.08 nm, including two main pore sizes distributed in 2.5
nm (derived from hydrothermal carbon) and 70 nm (derived
from wrinkled GSs and SnO2@C core−shell nanospheres).48,49
The pore volume is 0.45 cm3 g−1, which provides a large
number of open channels as passages of the electrolyte and
improves the diffusion rate of lithium ions during the cycling
processes.
The discharge−charge curves for the 1st, 2nd, 5th, 20th, and

50th cycles of the electrodes made with single SnO2
nanoparticles (Figure 5A) and SnO2/GS (Figure 5B), SnO2@
C@GS (Figure 5C), and C@GS (Figure 5D) carried out in the
voltage range of 5 mV to 2.0 V (vs Li) at a current density of
200 mA g−1 after activation at a lower current density. As
shown in Figure 5A,B, the voltage plateau at 0.8−1.2 V is
observed for the first two samples at the first discharge step,
which stands for a conversion reaction between SnO2 and Li+,
leading to the formation of Sn and Li2O.

50 The following long

Scheme 1. Formation Process of a 3D Nanoarchitecture of
SnO2@C@GS Composites: (A) Graphite Oxide; (B) SnO2@
C@GS Precursor; (C) SnO2@C@GS Composite; (D) Cross
Section of SnO2@C@GS composite; (E) SnO2 Clusters, GO,
and Glucose and (F) Hydrochar C@GS and Small
Hydrochar C@SnO2 Precursors

Figure 4. (A) TGA curves of the SnO2@C@GS, SnO2/GS, and SnO2 samples. (B) Nitrogen adsorption−desorption isotherm curves and pore-size
distributions of the SnO2@C@GS composite.
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slope profiles of the SnO2@C@GS composites indicated the
formation of Li−Sn alloys and Li+ intercalation into amorphous
carbon and graphene. Because the major Li2O is formed in the
first cycle, the plateau at 0.8−1.2 V almost disappears at the
second cycle. Compared with the single SnO2 nanoparticles
and SnO2/GS, no remarkable change in the charge−discharge
profile of SnO2@C@GS composites was observed after 50
cycles (Figure 5C), indicating a stable cycling performance due
to the controlled volume expansion and pulverization of well-
dispersed nanosized SnO2. However, for the C@GS composite
(Figure 5D), it possesses a very low discharge capacity of 535
mA h g−1, which is much lower than that of the first three
samples, indicating a high first discharge capacity of SnO2@C@
GS composites mainly from well-dispersed SnO2 nanoparticles.
The cycling performance of SnO2 nanoparticles and single

SnO2/GS and SnO2@C@GS composites at a current density of
200 mA g−1 with a voltage range of 5 mV to 2.0 V over 100
cycles is presented in Figure 6. The first specific discharge
capacity of SnO2 nanoparticles and SnO2/GS and SnO2@C@
GS composites reach 1215.8, 1501.5, and 1164.6 mA h g−1,
respectively. All three samples have a large and irreversible
capacity, which is due to the formation of an amorphous Li2O
matrix and intense surface reactions with the Li−Sn
compounds as well as the electrolyte solution.45 With an
increasing number of cycles, the Coulombic efficiency of the
SnO2@C@GS composite becomes almost 100% from the 20th
to 100th cycle, and SnO2@C@GS composites have discharge
capacities of 883.5, 845.7, and 830.5 mA h g−1 in the 20th, 50th,
and 100th cycles, respectively. However, the capacities of the
single SnO2 are 538.3, 369.3, and 258.6 mA h g−1 in the 20th,
50th and 100th cycles, respectively. Also, the capacities of
SnO2/GS are 640.6, 466.6, and 322.9 mA h g−1 in the 20th,

50th, and 100th cycles, respectively. To our knowledge, the
main reason for a rapid fading of the SnO2/GS electrode, which
leads to pulverization of the electrode, is a large volume
expansion of SnO2 that occurs during the charge−discharge
cycle.49,51,52 Therefore, SnO2/GS results in very low capacity
retention and only reaches a reversible capacity of 337.5 mA h
g−1 in the 100th cycle. Moreover, in order to investigate the
higher rate performance of SnO2@C/GS, we have imple-
mented the charge and discharge testing at 3360 mA g−1 for
100 cycles, with the result presented in Figure S3 (see the SI).
It can be seen that the specific discharge capacity is 754.2 and
421.6 mA h g−1 at the 1st and 100th cycles, respectively. This
value is higher than the theoretical capacity of graphite (370
mA h g−1), indicating that the cyclability of the SnO2@C/GS
electrode is desirable for lithium storage practical applications.

Figure 5. Charge and discharge curves of SnO2 nanoparticles (A) and SnO2/GS (B), SnO2@C/GS (C), and C@GS (D) composites obtained at the
1st, 5th, 10th, 20th, and 50th cycles.

Figure 6. Cycling performance of the SnO2 nanoparticles and SnO2/
GS and SnO2@C@G composites at a current density of 200 mA g−1.
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As shown in Figure 7, the rate performances of the as-
obtained single SnO2 nanoparticles and SnO2/GS and SnO2@

C@GS samples are also studied. The SnO2@C@GS composite
displays excellent rate capability and delivers reversible
capacities of 950.3, 843.3, 781.8, 721.7, and 645.2 mA h g−1

at high current densities of 105, 210, 420, 840, and 1680 mA
g−1, respectively. In addition, after the current rate returns to
105 mA g−1, the electrode delivers a specific discharge capacity
of about 889.4 mA h g−1. Upon an increase in the discharge
rates to 105, 210, 420, 840, and 1680 mA g−1, the reversible
capacities of single SnO2 are maintained at 706.0, 520.4, 363.3,
256.4, and 144.9 mA h g−1, respectively. The reversible
capacities of SnO2/GS are 834.0, 708.7, 583.5, 404.5, and 219.6
mA h g−1 with increasing discharge rates to 105, 210, 420, 840,
and 1680 mA g−1. Obviously, this result indicates that the
SnO2@C@GS nanocomposites are able to endure a variety of
different current densities and have a perfect capacity recovery
performance, which is a desirable characteristic for high-power
LIB applications.
The ac impedance data of single SnO2, SnO2/GS, and

SnO2@C@GS composites after cycling were measured. Figure
8 shows that the diameter of the semicircle for the single SnO2
electrode in the high-to-medium-frequency region is biggest in

the three materials. Also, the diameter of the semicircle for
SnO2/GS is bigger than SnO2@C@GS composites, suggesting
that the internal resistance of SnO2/GS is greater than that of
the SnO2@C@GS composite. On the basis of the above results,
the carbon shells and GS can improve the conductivity of the
composites, which consequently enhances the electrochemical
performance of SnO2@C@GS composites.
Most importantly, the structural morphology changes before

and after cycling performance testing was studied to understand
the high capacity and good cyclability of the SnO2@C@GS
electrode. Figure 9 displays the SEM and TEM images of
SnO2@C@GS before and after charge−discharge cycling at
3360 mA g−1 for 100 cycles. As can be seen, some changes in
the morphology and nanostructure of SnO2@C@GS occurred.
Especially, the SnO2 particles no longer show clear nanocluster
structures because of the repeated lithium alloying and
dealloying. However, energy-dispersive X-ray (EDX) spectrom-
etry measurement (Figure S4 in the SI) affirms that SnO2@C@
GS after charge−discharge cycling at 3360 mA g−1 for 100
cycles contains carbon, tin, and oxygen with Sn:O:C ≈
1.78:37.63:60.59 atomic ratio, whereas excess oxygen may
come from the oxidation of lithium. It can be estimated that
there are still about 20 wt % of SnO2 residues in the
nanostructure of SnO2@C@GS. It is obvious that critical
evidence for the improved electrochemical performance of
SnO2@C@GS has been confirmed because of the physical
buffer function of carbon shells to prevent the large volume
change of SnO2 anodes.
It is well-known that the electrochemical performance is

closely related to the material nanostructures. Evidently, the
cycling and rate performances of the SnO2@C@GS composites
are better than those of the SnO2/GS, SnO2@C, and SnO2/C/
graphene composites reported previously.28,33,40−45 Expressly,
compared with SnO2@C nanochains,23,24 the discharge
capacity has been greatly improved from about 300 mA h g−1

of SnO2@C nanochains to 645.2 mA h g−1 of SnO2@C@GS at
a high rate of 1680 mA g−1. There is no doubt about that the
cycling and rate performances of SnO2-based electrodes have
been greatly improved herein by the rational integration of
small SnO2 nanoparticles, amorphous carbon, and GS.
By all accounts, there are several reasons facilitating the high

performances of the present 3D nanoarchitecture of SnO2@
C@GS composites as anode materials for LIBs: (i) The small
SnO2 nanoparticles allow for good accommodation of the large
volume changes and readily relax the stress that occurs in bulk
or micrometer-sized materials. Also, this small nanostructure
provides a very high electrochemically active area, which results
in an improved lithium storage capacity. (ii) Uniform thin
carbon layers coated on SnO2 and graphene have the ability to
resist the large strain that occurs during the lithiation process
and therefore succeeds in circumventing the pulverization issue.
(iii) 2D carbon nanostructures of SnO2@C@GS themselves
could store lithium and act as a mini current collector. This
mini-current collector could promote electron transfer during
the lithiation and delithiation process, which has been proven
by the ac impedance data above. (iv) 3D superstructures made
up of close-packed SnO2@C@GS with a porous configuration
(BET surface area = 354.59 m2 g−1 and total pore volume =
0.45 m3 g−1) provide a large number of open channels as
passages of the electrolyte and improve the diffusion rate of
lithium ions during the cycling processes.
Apart from the above-mentioned four reasons, an important

source of high capacity, good cycling, and rate performance

Figure 7. Rate performances of the SnO2@C@GS composite and
SnO2/GS and SnO2 nanoparticles without the first cycle.

Figure 8. ac impedance data of SnO2 nanoparticles and SnO2/GS and
SnO2@C@GS composites after cycling.
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should be the synergy arising from the ultrafine SnO2 particles
embedded in the carbon nanoshells and the interface
interaction with graphene in the composites. As a result of
synergistic effects arising from the ultrafine SnO2 active
particles, uniform carbon coating, and a steady graphene
skeleton, the SnO2@C@GS electrodes exhibit consistently
higher capacities than SnO2@C23,24 and SnO2/GS electro-
des.27,28

4. CONCLUSION

The SnO2@C@GS composites as a new type of 3D
nanoarchitecture have been successfully synthesized by an
easy hydrothermal and sintering continuous process. This 3D
nanoarchitecture is made up of uniformly distributed SnO2@C
core−shell nanoparticle chains anchored on wrinkled GSs. The
SnO2@C@GS composites show significantly improved cycle
lives and rate performance compared with the electrodes
consisting of SnO2/GS and SnO2@C nanochains because of
the active function of the graphene nanosheets in the
composites and ultrafine SnO2 particles hidden in the center
of the carbon spheres. The SnO2@C@GS composites delivered
645.2 mA h g−1 at a rate of 1680 mA g−1, which showed a
desirable rate performance of this composite electrode. The
successful synthesis of the composite materials by the
hydrothermal treatment of GO and NaSnO3 in aqueous
solutions of glucose can be an effective way of preventing
graphene restacking and SnO2 nanoparticle agglomeration. We
believe that the highly conductive carbon layer and sandwiched

GSs act as effective multiscale current collectors that can
dramatically improve electron transport of the SnO2 electrode
and stabilize the power output of LIBs.
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