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Abstract
High-capacity and high-rate anode materials are desperately desired for applications in the next
generation lithium-ion batteries. Here, we report preparation of an anode showing a structure of
Si nanoparticles wrapped inside Sn nanowires. This anode inherits the advantages of both Si and
Sn, endowing lithiation/delithiation of Si nanoparticles inside the conducting networks of Sn
nanowires. It demonstrates a high and reversible capacity of ∼1500 mAh g−1 over 300 cycles at
0.2 ◦C and a good rate capability (0.2 ◦C–5 ◦C) equivalent to Sn. The excellent cycling
performance is attributed to the novel structure of the anode as well as the strong mechanical
strength of the nanowires which is directly confirmed by in-situ lithiation and bending
experiments.

Supplementary material for this article is available online
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1. Introduction

Rechargeable lithium-ion batteries (LIBs) have developed sig-
nificantly over the past two decades for the applications in
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portable electronics and electric vehicles [1–3]. For the anode
of LIBs, due to the outstanding cycling performance of graph-
ite, it was the earliest candidate and is still the most com-
monly candidate in today’s commercial LIBs [4]. However,
graphite anodes are becoming extremely problematic to meet
the demands of next-generation LIBs due to its relatively low
capacity of 372 mAh g−1 as well as poor rate capability.
Recently, lithium-alloys with high capacity have attracted con-
siderable attention for applications in next-generation LIBs
[5–13]. Alloys involving Si and Sn are particularly interesting
for the applications of anode materials due to their superior
theoretical specific capacities of 4200 mAh g−1 [14, 15] and
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Future perspectives
The combination of silicon (high lithium-ion storage capability)
with tin (fast lithium-ion transport capability) widens the bound-
ary for the anode materials of both high-capacity and high-rate for
LIBs. The synthesis method is also applicable for seeding many
other NPs with a high melting point to NWs with a low melting
point, which shed lights on preparation of novel structured com-
posite materials for LIBs as well as other applications.

990 mAh g−1 [16–19], respectively, calculated from the ulti-
mately lithiated products. Nevertheless, the alloying of both
Li4.4Si and Li4.4Sn results in drastic volume expansion of
approximately 300%, leading to the fracture and pulveriza-
tion of the electrode, an unstable solid electrolyte interface.
Furthermore, the expansion will cause disconnection between
anode components, and consequently, poor electrochemical
performance [20–23].

To overcome the above problems such anode materials,
many works have been undertaken, focusing on construct-
ing Sn and Si anode materials with various morphologies to
tolerate this volume change. Si nanoparticles (NPs) [24, 25],
nanowires (NWs) [15], and thin films [26] have been pre-
pared and results showed considerably enhanced electrochem-
ical performance. Similar morphologies have also been pro-
duced for Sn anode materials [17, 27–30]. Unfortunately, Si
or Sn have not yet been successfully commercialized due to
their limitations. Though the theoretical capacity of Si is high,
it shows a poor electrical conduction with a value of only
∼10−3 S cm−1 [31]. Previous works also showed that the
lithium diffusion of Si is many orders lower than that of Sn
[32]. Although carbon coating may alleviate the conduction
issues of Si to some extent, it can lead to many drawbacks,
such as reduced specific capacity and lower columbic effi-
ciency [33, 34]. In contrast, both electronic [35] and ionic
conductivities of Sn are high [36], but its specific capacity
is only 990 mAh g−1. Investigations on composite anodes
have demonstrated interesting electrochemical and structural
information; however, the cycling performance has only been
marginally improved.

In this work, we designed an anode showing Si NPs
(∼30 nm) are wrapped (seeded) inside the NWs of Sn (SiNPs-
in-SnNWs), which inherits the capacity advantage of Si and
the conductivity advantage of Sn. The synthesis of the anode
was via a facile method similar to that reported previously
[37, 38], The theoretical capacity is 1608 mAh g−1, based on
the starting material with a mole ratio of Si:Sn= 1:1. Electro-
chemical performance the anode exhibited a high and stable
capacity and a good rate capability. A combination of charac-
terization techniques directly explained the excellent capacity
retention and rate capability of the anode material.

2. Methods

2.1. Materials synthesis

The anode consists of Si NPs wrapped inside Sn NWs
(SiNPs-in-SnNWs) was prepared by heat-treated of mixed Si
(∼30 nm) and SnO2 (∼200 nm) powders. The mole ratio of
the Si and SnO2 mixture was 1:1. The mixture was placed in

a quartz boat in the center of a tube furnace for heat-treatment
at 700 ◦C for 2 h. A mixture gas of C2H2/Ar was flowing
into the furnace. At high temperature, SnO2 NPs were reduced
to Sn NPs, which further changed into NWs. After the heat-
treatment, a black powder was obtained. In addition, for com-
parison, SiNPs and SnNWswere also preparedwith the similar
conditions.

2.2. Materials characterization

The morphology was investigated by a scanning electron
microscope (SEM, Hitachi S-4800), combined with a focused
ion beam (FIB). A Bruker D8 Advance x-ray diffractometer
with Cu Kα radiation (λ = 1.5405 Å) was used to collect
ex-situ x-ray diffraction (XRD) patterns. The scan range for
the XRD analysis was 10◦–80◦ for all the samples. In situ
XRD analysis upon galvanostatic cycling was also carried out
using a self-designed in situ cell. After resting, the cell was
galvanostatically cycled at a current rate of C/15 between 2
and 0.005 V with a constant voltage step at the lower cut-off
voltage. In situ lithiation under scanning transmission elec-
tron microscope (STEM) was performed by constructing a
NWof SiNP-in-SiNWs as the anode, and the counter electrode
was a bulk of Li metal under a JEM-ARM 200F transmission
electron microscope operated at 200 kV. The solid electrolyte
was unavoidable surface oxidation on the Li metal. A constant
voltage (−2 V) was applied through an external source meter.
The lithiation process started instantaneously once the contact
was established between the SiNPs-in-SnNWs and the Li elec-
trode. The process stopped until no significant changes of the
morphology of the NW were observed. In situ bending exper-
iment under STEM was performed by pressing the above NW
of SiNPs-in-SnNWs with the bulk of the Li metal.

2.3. Electrochemical cycling

The anode slurry was obtained by mixing the SiNPs-in-
SnNWs powders with sodium alginate and carbon black
(weight ratio 8:1:1). The slurry was then spread on a copper
foil, followed by drying in a vacuum oven for 12 h at 110 ◦C.
The half-cell was prepared in a 2032-type coin-cell in a Ar-
filled glovebox. The counter electrode was Li metal and the
separator was Celgard 2250. A 1.0 M LiPF6 in a 1:1 (volume
ratio) of DEC: EC was used as the electrolyte, with 2 mol%
FEC as electrolyte additive. The galvanostatic cycling was
performed on a LANHE CT2001A battery tester. The cut-off
voltage was 0.8–0.005 V (vs. Li/Li+). The theoretical capacity
of the SiNPs-in-SnNWs is ∼1608 mAh g−1, calculated from
the initial Si/Sn mixture (mole ratio of 1:1). For each half-cell,
the loading level was∼10 mg cm−2. For comparison with the
SiNPs-in-SnNWs electrode, separate electrodes of SiNPs and
SnNWs were also prepared.
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Figure 1. A typical SEM image of (a1) Si and (a2) SnO2 NPs and (a3), (a4) SiNPs-in-SnNWs anode. (b1), (b2) STEM-BF images of
SiNPs-in-SnNWs with the green bean shaped NWs and associated EDS mapping of (b3) C, (b4) Sn, and (b5) Si. (c) Schematic showing the
formation of Si NPs seeded in Sn NWs with green bean shaped NWs and Sn NWs with straight shaped NWs. (d1) and (d2) STEM-BF
images of SnNWs with straight shaped NWs.

3. Results

3.1. Morphology, structure, and formation mechanism of
SiNPs-in-SnNWs

The anode was prepared using a mixed nano-sized Si (∼30 nm
in diameter, figure 1(a1)) and nano-sized SnO2 (∼200 nm,
figure 1(a2)) particles in flowing C2H2/Ar gas at 700 ◦C. The
XRD patterns of the Si and SiO2 starting materials are shown
in figure S1 (available online at stacks.iop.org/MF/1/015101/
mmedia). After the heat-treatment, large agglomerates of
NWs with a length of ∼1–2 µm (∼60 nm in diameter)
were obtained, and are seen in figures 1(a3)–(a4). Further
investigation was performed by cutting the agglomerates of
NWs with a FIB. A typical cross-sectional SEM image of the

cut agglomerate, shown in figure S2, demonstrates a 3D struc-
ture consisting of a significant number of voids between the
NWs. STEM, figures 1(b1) and (b2), combined with energy
dispersive spectroscopy (EDS), elemental mapping of the
NWs clearly shows the presence of silicon, tin, and carbon,
figures 1(b3)–(b5).

The formationmechanism of the NWs is a vapor-solid reac-
tion growth as described in the literature [39, 40]. Sn atoms in
SnO2 are initially reduced from the oxidation state +2 to 0
in the flowing C2H2/Ar atmosphere. These unstable Sn atoms
may aggregate into more stable nanosized Sn clusters. At the
reaction temperature 700 ◦C, many of the Sn nanoclusters
should be in the liquid state. They could diffuse on the surface,
coalesce with each other, and grow anisotropically into wires.
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Figure 2. (a1) A low-magnification STEM-HAADF image of a part of NW of the SiNPs-in-SnNWs anode and (a2) corresponding EELS
mapping of elemental carbon. (b1) and (b2) Enlarged surface regions of panel a1. (c1) and (c2) Enlarged centre regions of panel a1. FFTs
corresponding to the surface (I41/amd) and center (Fd-3m) regions are inlaid in panels b2 and c2, respectively. The detailed index of FFTs is
shown in supporting information figure S7.

With the presence of solid-state Si NPs whose melting temper-
ate is ∼1410 ◦C, liquid-state Sn nanoclusters grow on solid-
state Si NPs to form ‘green bean’ shaped NWs. In contrast,
without the presence of Si NPs, only SnNWs are obtainedwith
relatively straight shape. Schematic of the formation of Si NPs
seeded in Sn NWs with green bean shaped NWs and Sn NWs
with straight shaped NWs is shown in figure 1(c). For com-
parison, STEM images of the Sn NWs prepared in a manner
similar to SiNPs-in-SnNWs in also shown in figures 1(d1), (d2)
and EDS elemental mapping is shown in supporting informa-
tion figure S3.

The Rietveld refinement of the XRDs of the SiNPs-in-
SnNWs anode confirms that they are indeed a mixture of Sn
(space group I41/amd) [41] with a small amount of Si (space
group Fd-3m) [42], figure S4. There is no evidence of the
presence of SnO or SnO2. Reflections associated with car-
bon are not observed, likely attributed to its limited amount
or amorphous nature. The mole ratio of Si and Sn calculated
from the Rietveld refinement method is generally agreed with
ICP measurements (table S1) and the initial starting materials.
TG analysis revealed that the amount of carbon is ∼7.0 wt%,
figure S5. The amounts of carbon detected by ICP is 7.2 wt%,
similar to that of TG analysis. Furthermore, the oxygen con-
centration in all the anode materials is minimal. XPS analysis
also confirms the presence of mainly Sn and limited oxygen in
the anode, figure S6.

3.2. STEM analysis of SiNPs-in-SnNWs

By employing a Cs-corrected STEM, the structured anode
with SiNPs seeded in the SnNWs is directly revealed for
the first time. A typical STEM-HAADF image of the NW
is shown in figure 2(a1). EELS mapping of carbon in the
SiNPs-in-SnNWs anode clearly shows surface coverage by a
∼12 nm layer of carbon after the heat-treatment, figure 2(a2).
The presence of oxygen is minimal, according to the EELS
mapping analysis. The enlarged STEM images of the surface
regions of the NWs in figures 2(b1) and (b2), clearly demon-
strate an arrangement of atoms analogous with that of Sn
(I41/amd) viewed in the [1 −1 1] crystallographic direction.
Fast Fourier transforms (FFTs) of the surface region (inlaid in
panel b1) and simulated reflections (figures S7(a1)–(a3)), fur-
ther confirm the reflections of the surface region to agree with
a tetragonal structure. The detailed index of FFTs is shown
in figure S7. In contrast, when appropriately tilted, the central
region of the NW shows a layered-like arrangement of atoms
with an interlayer distance of 3.09 Å, figures 2(c1) and (c2),
in agreement with the Si (Fd-3m) viewed along the [0 −1 1]
direction. FFTs of the center region (inlaid in panel c1) and
simulated reflections (figures S7(b1)–(b3)), respectively, fur-
ther confirm the reflections of this region to be associated with
the cubic structure. The above analysis of STEM-HAADF
images and STEM-EDS mapping confirms that the SnO2 NPs
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Figure 3. Electrochemical performance of SiNPs, SnNWs, and SiNPs-in-SnNWs half-cells. Charge–discharge curves (at 0.2 ◦C) in the 1st
and 2nd cycles for (a1)–(a3) SiNPs, SnNWs, and SiNPs-in-SnNWs half-cells. Capacity retention and coulombic efficiency over 300 cycles
(at 0.2 ◦C) at room temperature for (b1)–(b3) SiNPs, SnNWs, and SiNPs-in-SnNWs half-cells, respectively. Rate capability (0.2 ◦C–5 ◦C)
for (c1)–(c3) SiNPs, SnNWs half-cells and SiNPs-in-SnNWs, respectively.

are converted to the SnNWs with SiNPs seeded in the latter
after the heat-treatment.

3.3. Electrochemical cycling

The SiNPs-in-SnNWs anode naturally inherits the advantages
of Si and Sn. Meanwhile, the presence of voids between the
carbon-coated NWs can reduce the volume expansion during
lithium insertion, guaranteeing excellent capacity retention.
Figure 3 shows the cycling of the SiNPs-in-SnNWs half-cell
at 0.2 ◦C, along with that of SiNPs and SnNWs half-cells
for comparison. For SiNPs half-cell, although its initial dis-
charge capacity is high (∼3259 mAh g−1), which quickly
decreases with cycling (figures 3(a1), (b1)), and it is only
∼500 mAh g−1 after the 300th cycle. The Sn NWs half-
cell shows a stable and reversible discharge capacity of only
∼600 mAh g−1, though its capacity retention is 84.6% after
the 300th cycle (figures 3(a2) and (b2)). In contrast, the SiNPs-
in-SnNWs half-cell exhibits an first cycle discharge capacity
of 2036 mAh g−1, a charge capacity of 1488 mAh g−1, and
a coulombic efficiency of 73.1%, figure 3(a3). The coulombic
efficiency increases to 96.3% (2nd cycle) after the initial cycle
and remains ∼99.0%. The capacity retention is 81.8% after
the 300th cycle, figure 3(b3).

A major issue for an anode of high capacity, primar-
ily of Si, is the poor electrical conductivity resulting in

poor rate capability at high current densities, making them
unfavorable for LIBs [6, 43]. This could be solved entirely
in the SiNPs-in-SnNWs anode where SiNPs are seeded in
SnNWs of fast electronic and ionic conduction. For a con-
ventional SiNP half-cell, the capacity decreases quickly to
∼19.8% from 0.2 ◦C to 5 ◦C, figure 3(c1). In contrast,
the capacity remains 69.3% for SiNPs-in-SnNWs half-cell
(figure 3(c3)), which is equivalent to that of SnNWs half-
cell of 72.5% at 5 ◦C (figure 3(c2)). The improved rate cap-
ability of the SiNPs-in-SnNWs anode is attributed to the
increased electrical conduction and is confirmed by electro-
chemical impedance spectroscopy of the half-cell, as shown in
figure S8.

3.4. dQ/dV analysis

The lithiation and delithiation of Si and Sn in the SiNPs-in-
SnNWs anode can be further understood via combined dQ/dV
and in-situ XRD investigations. The dQ/dV of the charge–
discharge process (1st and 2nd) of SiNPs-in-SnNWs half-cell
is shown in figure 4, along with SiNPs and SnNWs half-cells
for comparison. In general, the dQ/dV (after the 1st cycle)
of SiNPs-in-SnNWs half-cell (figure 4(a3)) is a mixture that
of SiNPs (figure 4(a1)) and SnNWs (figure 4(a2)). Reduc-
tion peaks at ∼0.10 and ∼0.25 V and Sn ∼ 0.40, ∼0.52,
and ∼0.64 V are associated with lithiation of Si and Sn,
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Figure 4. The first and second dQ/dV curves for (a1) SiNPs, (a2) SnNWs and (a3) SiNPs-in-SnNWs. dQ/dV curves of the SiNP-in-SnNWs
half-cell during (b1) 2nd charge and (b2) 3rd–20th charge cycles. −dQ/dV curves of the SiNP-in-SnNWs half-cell during (c1) 2nd discharge
and (c2) 3rd–20th discharge cycles.

respectively. Oxidation peaks at ∼0.30 and ∼0.45 V and
∼0.60,∼0.72 and∼0.78V are associated with associated with
delithiation of LixSi and LixSn, respectively [9, 10, 44].

The dQ/dV curves as a function of voltage of the SiNP-
in-SnNWs half-cell during prolonged charge and discharge
cycles are separated into the dQ/dV curves during the charge
cycle and −dQ/dV curves during the discharge cycle. Note
the dQ/dV curves during the discharge cycle are plotted as
−dQ/dV for better observation purpose. An example of the
separation of the dQ/dV curves of the second charge–discharge
cycle is shown in figures 4(b1), and (c1). The dQ/dV curves
during the third to the twentieth charge cycles (figures 4(b1)
and (b2)) and −dQ/dV curves during the second to the twen-
tieth discharge cycles (figures 4(c1) and (c2)) clearly demon-
strate stable peaks associated with lithiation and delithiation
of Si and Sn, respectively.

3.5. In-situ XRD analysis

The lithiation and delithiation of Si and Sn in the SiNPs-
in-SnNWs anode was investigated by in-situ XRD, figure 5.
The C-rate during the experiment was 0.05 ◦C. Successive
XRD scans (140 scans for the first discharge, 112 scans for
the first charge) were collected (figure 5(a1)), which were
converted into an isoplot for the purpose clearer presenta-
tion (figure 5(a2)). The detailed peak intensity associated with
voltage is also shown in figures 5(b1)–(b4) and (c).

In general, the results show that the lithiation of the SiNPs-
in-SnNWs initially follows the formation of discrete Li–Sn

phases, i.e. Li2Sn5, β-LiSn, and Li22Sn5 [42, 45], followed by
the formation of Li–Si phases [41, 46], which generally correl-
ates with the dQ/dV curves. Briefly, upon discharge, a drastic
decrease in intensity of the Sn peaks (e.g. 200, 101) is observed
immediately upon the first discharge, figures 5(a2) and (b1).
When the voltage is below ∼0.35 V, the Sn peaks become
invisible. As the discharging proceeds, peaks (e.g. 001) asso-
ciated with a Li2Sn5 phase start to appear, figures 5(a2) and
(b2), and when the voltage is <0.29 V, peaks (e.g. 010) asso-
ciated with a β-LiSn phase are observed, figures 5(a2) and
(b3). On further discharging the half-cell to <0.27 V, peaks
(e.g. 066) of a Li22Sn5 phase appear and grow in intens-
ity, figures 5(a2) and (b4) [45]. During the remainder of the
discharge (0.27–0.005 V), these peaks maintain their intens-
ity, and no peaks associated with other phases are observed.
The formation of Li–Si phases during discharge is generally
similar to that reported previously [45]. The peak intensity
associated with Si (111) remains constant until the voltage
approaches ∼0.21 V, at which point Sn is lithiated to Li22Sn5,
figures 5(a2) and (c), which is also in agreement with previous
works [41, 46].

The results suggest that the lithiation and delithiaton of Sn
reaction occurs before that of Si. The formed Li–Sn phases
act as a nano-size conducting network for a further Li–Si lith-
iation and delithiation, resulting in improved rate capabilities
in the SiNPs-in-SnNWs anode, explaining the electrochemical
results observed above.

The phase change behavior of the SiNPs-in-SnNWs dur-
ing the first charge is generally in the reverse order of that
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Figure 5. (a1) In-situ XRD scans (140 scans for the first discharging cycle, 112 scans for the first charging cycle and 130 scans for the
second discharging cycle) collected, (a2) an isoplot converted from the collected XRD scans. Charge–discharge curves in the first-charge,
first discharge and second charge cycle for the in-situ XRD experiment is also shown. The maximum peak intensity extracted from the
in-situ XRD patterns for the (b1) Sn (002), (b2) Li2Sn5 (001), (b3) LiSn (010), (b4) Li22Sn5 (066) and (c) Si (111) peaks. Charge discharge
curves in the first cycle are shown in (d). The dashed line across panels d indicates the start of the decrease in the Si (111) peak intensity.
The unit a.u. in the panel is the abbreviation of arbitrary unit.

observed in the first discharge with slight variations. It shows
that immediately upon charging, no significant change in the
peaks was observed before the voltage reached >0.50 V, at
which point peaks of Li22Sn5 (e.g. 660) shifted to a lower
angle, figures 5(a2) and (b4). Such shifting was not observed
during the first discharge. This may be associated with the
phase transformation of Li22Sn to Li17Sn, before transform-
ing into LiSn. Further increasing the voltage to >0.60 V,
the shifted peaks diminished, and the peaks of LiSn became
detectable, figures 5(a2) and (b3). Upon voltage >0.62 V,
peaks from both Li22Sn5 and LiSn were no longer detected.
The formation of the Li2Sn5 during the first charge was first
detected >0.61 V and faded away until completely it disap-
peared at 0.72 V, figures 5(a2) and (b2). Peaks from a Sn
phase were first observed when the voltage was >0.68 V and
grew until the end of charging, as shown in figures 5(a2)
and (b1).

The amorphization of Si occurs irreversibly in the first dis-
charge cycle, resulting in absence of the Si (1 1 1) peak in
the following cycles [9, 44]. However, as shown in figure 4,
the dQ/dV curves clearly demonstrate the stable lithiation and
delithiation of SiNPs inside the SnNWs after the first charge–
discharge cycle.

3.6. Mechanical stability analysis

The SiNPs-in-SnNWs anode exhibits excellent morphology
without showing strong evidence of fracture or pulveriza-
tion after 100th cycle at RT (0.2 ◦C), figures 6(a1) and
(a2). This behavior is attributed to the unique structure of

SiNPs seeded in SnNWs as explained above and the good
mechanical strength of the NWs themselves [15, 47]. The lat-
ter is further confirmed via an in-situ lithiation and bending
experiment under STEM. A sequence of STEM images of
a typical NW undergoing continuous lithiation is shown in
figures 6(c1)–(c3). The images were captured at time intervals
of approximately one second and the experiment stopped until
no significant changes of the morphology. The in-situ lithi-
ation shows that the initial thickness of the NW is 54.8 nm in
width (figure 6(c1)), which expands immediately to 55.8 nm
after lithiation (after 1 s, figure 6(c2)). The final stable width
of the NW reaches 57.6 nm (after 15 s, figure 6(c3)), indicat-
ing an expansion of the NW of only 46.9%. The video for the
in-situ lithiation is supplied as supporting information V1.

The NW was further stressed after lithiation by applying
stress to the above lithiated NW using a Li2O tip. A sequence
of STEM images of a typical NW undergoing a continuous
stress process after lithiation is shown in figures 6(d1) and
(d2) (video supplied as supporting information V2). The bend-
ing strain of the NW was calculated according to the tradi-
tional formula εbent = r/(r + R)% [48], where R is the bending
curvature, r is the radius of the NW, and εbent is the largest
bending strain (figure 6(d3)). The strain in the NW increases
to approximately 21.8% (figure 6(d1)), with a strain rate of
approximately 5.5 s−1 (after 4 s). The NW completely recov-
ers to its original morphology without showing any fracture
when the stress is removed (figure 6(d2)), with a remarkably
high strain rate of 7.3 s−1 (after 3 s) The observations are dir-
ect evidence responsible for the excellent cycling performance
of the anode.
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Figure 6. (a1) and (a2) A SEM image of the SiNPs-in-SnNWs anode after the 100th cycle. (c1)–(c3) a series of low-magnification STEM
images of a continuous lithiation process of a single NW of SiNPs-in-SnNWs anode material. The total lithiation time is 15 s.
(d1) and (d2) a series of low-magnification STEM images of a continuous bending and recovery process of a single NW of SiNPs-in-SnNWs
anode after lithiation. The bending time is 4 s and the recovery time is 3 s. (d3) schematic shows the calculation of the bending strain.

4. Conclusion

In summary, the excellent electrochemical cycling perform-
ance of the anode is attributed to the novel structure consist-
ing of SiNPs seeded in SnNWs. This anode has the advantages
of the high specific capacity of Si and the high electrical
conductivity of Sn. The SnNWs provide shorter lithium-ion
diffusion distances due to their narrow diameter and long
continuous paths for electron transport down their length, res-
ulting in improved rate capability. The SnNWs also endow
lithiation/delithiation of SiNPs in the conducting networks of
SnNWs, solving the poor conduction issue of Si during cyc-
ling. The strong mechanical strength of the NWs and the struc-
ture with a highly porous architecture allows volume variation,
leading to significantly improved capacity retention after pro-
longed cycling.
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