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Nanostructured silicon has garnered considerable attention as a promising lithium-ion 
battery anode material that can mitigate volume expansion-induced pulverization during 
electrochemical lithiation-delithiation reaction. However, the advantageous effect of the 
nanostructured silicon materials is often shadowed by electrochemically-vigorous liquid 
electrolytes. Herein, a variety of silicon particles featuring well-defined nanostructure were 
synthesized and then combined with chemically-crosslinked, triacrylate-based gel polymer 
electrolytes (GPEs), with an aim to pursue unprecedented synergistic coupling and its 
versatile applicability for high-performance silicon anodes. The silicon anode combined with 
the GPE showed a specific capacity of over 2000 mAh g-1 after 100 cycles, excellent discharge 
rate capability (capacity of 80% at 5.0 C with respect to 0.2 C), and volume change of 53% 
relative to a control system (silicon anode/liquid electrolyte). Excellent flexibility of the GPE 
with reliable electrochemical properties is believed to play a viable role as a mechanical 
cushion that can alleviate stress and strain of silicon materials inevitably generated during 
repeated charge/discharge cycling. The nanostructured silicon/GPE-based coupling strategy 
presented herein opens a new way to enable significant improvement in electrochemical 
performance and long-term durability of high-capacity silicon anodes. 

Introduction 

Lithium ion batteries (LIBs), owing to their high energy density 
and also well-tailored electrochemical properties, have garnered a 
great deal of attention as a compelling power source for a wide 
variety of mobile electronic devices1. Stimulated by the successful 
application to portable electronics including cellular phones and 
notebook computers, LIBs are now eager to pursue new application 
fields represented by electric vehicles (EVs) and grid-scale energy 
storage systems (ESSs)2-4. Unfortunately, their current technology 
level is not sufficient to fulfill the stringent requirements of the 
newly emerging application fields5,6. Among numerous material-
based approaches to address this challenging issue, silicon has 
been the center of attention due to its exceptionally high 
theoretical capacity (3579 mAh g-1, based on Li15Si4 at room 
temperature)7 which is about one order of magnitude higher than 
that of commercially widespread graphite8. In addition, silicon is 
also characterized with other advantageous properties, including 
low cost, natural abundance, and relatively low lithiation voltage (~ 
0.3 V)9. However, practical use of silicon as an anode material has 
been staggering due to its tremendously large volume expansion 
(~300%) during electrochemical lithiation-delithiation, eventually 

resulting in unwanted pulverization and disruption of electric/ionic 
conduction pathways10-12.  

Nanostructured silicon has drawn considerable attention as a 
promising way to resolve the aforementioned challenges of silicon 
anode materials. Benefiting from nanoscaled particle size (< 150 
nm), the nano-silicon can accommodate the volume expansion-
induced internal stress/strain13, thus enabling substantial 
improvement in electrochemical performance. A rich variety of 
silicon morphologies have been developed, including 
nanoparticle14, core-shell15, thin film16, nanowire17, nanotube18, 
nanosheet19 and three-dimensional (3D) mesoporous/macroporous 
structure20,21. Core-shell structure consists of silicon core and 
inactive shell which can protect silicon surface from side reaction 
and/or increase electrical conductivity. Chan et al. reported that 
silicon nanowire can accommodate large strain without 
pulverization, providing good electronic contact and conduction 
channels, and displaying short lithium insertion distance17. Li et al. 
demonstrated that mesoporous sponge silicon, owing to its unique 
porous structure, can significantly reduce the apparent volume 
expansion and thus prevent lithiation-induced pulverization20. 
Despite such remarkable advances mentioned above, commercial 
application of the nanostructured silicon materials reported to date 
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still remains a formidable issue mainly due to synthesis complexity 
and processing cost.  

In addition, major performance concerns of silicon materials are 
believed to arise from interface issues with electrochemically-
vigorous liquid electrolytes (generally composed of linear/cyclic 
alkyl carbonate mixtures and lithium salts). The liquid electrolytes 
have many advantageous attributes suitable for commercial 
lithium-ion batteries, however, they still have critical safety 
concerns related to volatility and flammability21-26 and also often 
give rise to interfacial side reactions with electrode materials27. 
Unfortunately, little attention has been paid to searching for 
alternative electrolytes that outperform the liquid electrolytes in the 
development of high-capacity silicon anodes.  

Herein, we synthesize a variety of silicon anode materials 
featuring well-designed/precisely-controlled nanostructure 
(including mesoporous, micro-sized macroporous, and two-
dimensional (2D) sheet structure) and then combine them with 
chemically-crosslinked gel polymer electrolytes (GPEs) with an aim 
to pursue unprecedented synergistic coupling and its versatile 
applicability for high performance LIB anodes. Meanwhile, the GPE 
presented herein is in-situ synthesized through thermal crosslinking 
reaction in the presence of silicon materials inside a cell. A 
predetermined amount of ethoxylated trimethylopropane 
triacrylate (ETPTA) monomer which was chosen by considering the 
results of previous studies28,29 is added into liquid electrolyte.           
The ETPTA monomer/liquid electrolyte mixture is then injected into 
the cell and subsequently the ETPTA monomer undergoes thermal 
crosslinking reaction to produce ETPTA polymer networks in the 
liquid electrolyte, leading to the GPE in close contact with the 
silicon materials. All of the silicon/GPE systems show significant 
improvement in cycling performance over control systems 
containing the silicon/liquid electrolyte. Notably, the silicon/GPE 
system exhibits a specific capacity of over 2000 mAh g-1 after 100 
cycles, and also a half of volume change relative to the control 
system.   

Experimental 

Synthesis of nanostructured silicon materials.  

Mesoporous silicon: 3D mesoporous silicon was synthesized via a 
metallothermic reduction reaction21. Firstly, silica foam was 
prepared according to the previous report30. 4 g of poly(ethylene 
oxide)-b-poly(propylene oxide)-b-poly(ethylene oxide) (PEO-b-PPO-
b-PEO, Pluronic P-123, Sigma-Aldrich) triblock copolymer was 
dissolved in 150 mL of 1.6 M hydrochloric acid (HCl) solution at 35oC. 
Then, 1,3,5-trimethylbenzene (Mesitylene, Sigma-Aldrich) as a 
swelling agent was incorporated into the pre-prepared polymer 
solution, followed by the addition of 8.5 g of tetraethyl orthosilicate 
(TEOS, Sigma-Aldrich) as a silica precursor. The resulting solution 
was vigorously stirred for 24 hours, and maintained at 80oC for 
additional 24 hours. Final solid products were filtered and dried at 
60oC in a convection oven. In order to remove residual polymers in 
the final products, calcination process was conducted at 600oC for 5 
hours in oxygen environment. Subsequently, the resulting silica 
foam reacted with Mg (Sigma-Aldrich) at 700oC for 3 hours in argon-
filled chamber. After the magnesiothermic reaction, MgO 

byproducts were completely removed by 1 M HCl solution at 35oC 
for 4 hours to obtain pure 3D mesoporous silicon.  

Micro-sized macroporous silicon: 1 g of silica with macroporous 
structure (Diatomite, EP Minerals) was uniformly mixed with 0.8 g of 
Mg powder together in a stainless steel vessel under argon 
environment. The furnace was heated up to 700 oC at a rate of 5 oC 
min-1 and kept at this temperature for 3 hours. Then, the final 
product was immersed in a 1 M HCl solution at 35 oC for 4 hours to 
remove MgO byproducts. 

Silicon sheet: Silicon sheet was prepared by magnesiothermic 
reaction of a phyllosilicate which is one of the clay minerals. 2 g of 
illite (alumino-silicate, Samwoo Chemical) was mixed with 1.6 g of 
Mg powder in argon-substituted vessel. The container was heated 
in the alumina tube furnace at 700 oC for 3 hours. In order to 
selectively remove the by-products, the final products were leached 
in 1 M HCl solution at 35 oC for 4 hours. 

 
Fabrication of gel polymer electrolytes.  

ETPTA (Mw = 428, Sigma-Aldrich) was mixed with liquid 
electrolyte (1M LiPF6 in ethylene carbonate (EC)/diethyl carbonate 
(DEC), PANAX Starlyte) containing 10 wt% of fluoroethylene 
carbonate (FEC) as an additive. The weight-based composition 
ratios of the ETPTA/liquid electrolyte were varied as 2/98, 3/97, 4/96 
(w/w), wherein benzoyl peroxide (BPO, 1.0 wt% relative to the 
ETPTA content) was added as a radical initiator to allow thermal 
crosslinking reaction. The unit cells (2032-type coin) assembled with 
the silicon anodes and ETPTA monomer-containing liquid 
electrolytes were thermally cured at 60 oC for 30 min. 

 
Physicochemical/electrochemical characterization.  

Surface morphologies of as-prepared silica and silicon were 
characterized using a scanning electron microscopy (Cold FE-SEM S-
4800, Hitachi). For transmission electron microscopy (TEM) 
measurement (JEM-1400), the silicon particles were dispersed in 
ethanol and transferred on a Cu grid. The crystalline structure of 
silicone materials was analyzed by X-ray diffraction (XRD) 
measurement using Cu Kα radiation from 10 to 90 two theta degree. 
The thermal-crosslinking reaction of the GPE was investigated using 
a FT-IR spectrometer (FT-3000, Excalibur) with a spectral resolution 
of 4 cm-1. The gel content of the GPE was estimated by measuring 
the weight loss of the samples after being solvent-extracted in 
dimethyl carbonate at 70oC for 8 hours and subsequently in acetone 
at room temperature for 24 hours. The ionic conductivity (σ) of the 
GPE was obtained using an impedance analyzer (VSP classic, Bio-
Logic) over a frequency range of 1 to 103 Hz under a temperature 
range 30 to 70oC. The cyclic voltammetry of cells was examined 
using a potentiostat at a scan rate of 0.1 mV s-1. The silicone anodes 
were fabricated by traditional slurry coating technique, wherein the 
composition ratio of the anodes was silicon active material (70 wt%), 
Super-P as an electroconductive agent (15 wt%) and poly(acrylic 
acid) (PAA)/sodium carboxymethyl cellulose (CMC) (= 1/1, 15 wt%) 
as an anode binder. The electrochemical tests of half cells (= silicon 
anode/GPE/Li metal) were galvanostatically conducted from 0.01 
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and 1.2 V (versus Li/Li+) at 0.05 and 0.2 C-rates using WBCS 3000 
battery system (Wonatech).  

Results and discussion 

Micrometer-sized silicon anode materials are known to suffer 
from pulverization due to large volume expansion compared to 
nanostructured silicon ones13. In order to better understand 
advantageous effect of the silicon/GPE coupling and its versatile 
applicability, we prepared three different kinds of nanostructured 
silicon materials including mesoporous, micro-sized macroporous, 
2D sheet (Scheme 1). 
 

 

 

 

 

 

Scheme 1 Schematic illustration showing the synergistic coupling of various 
silicon anode materials (mesoporous, micro-sized macroporous, 2D sheet) and 
crosslinked ETPTA polymer-mediated GPEs.  

Mesoporous silicon 

The mesoporous silica was synthesized by introducing silica 
precursors into self-assembled triblock copolymer template. 
Notably, the swelling agent (here, mesitylene) plays an important 
role in controlling pore size31,32. The use of swelling agent is known 
to be an effective way to generate numerous nanopores, providing 
high surface area (686.17 m2 g-1) (ESI, fig. S1). The dimension of as-
prepared silica foam consisted of nanometer-sized primary particles 
and micron-sized secondary particles (Fig. 1a and 1b). To make pure 
silica foam (starting material for magnesiothermic reaction), the 
triblock copolymer/silica mixtures were heated at 600 oC for 5 hours 
in O2 environment. Subsequently, the 3D mesoporous silicon was 
synthesized via magnesiothermic reduction reaction, SiO2 (s) + Mg 
(g) → Si (s) + MgO (s) 33. This chemical reduction is one of the 
simplest methods to make pure silicon. The MgO by-products were 
completely removed in HCl solution. The morphological 
characterization (Fig. 1c and 1d) of the resultant mesoporous silicon 
shows that primary silicon particles are aggregated due to the 
exothermal heat generated during the chemical reduction, 
compared to pristine silica foam. However, the overall size of 
secondary particles appears to be similar with that of the as-
prepared silica ones. Moreover, the nano-sized silicon particles are 
interconnected, maintaining interstitial voids formed between the 
particles (Fig. 1d). The interstitial voids may contribute to 
accommodating volume change of silicon anode during the 
repeated lithiation and delithiation process34. The XRD pattern (Fig. 
1e) of an intermediate sample obtained after the magnesiothermic 
reduction shows the characteristic peaks corresponding to the 
silicon and MgO byproducts. This result indicates that the 
subsequent leaching with HCl solution leads to the successful 
formation of pure silicon.  
 

 

Fig. 1 (a) SEM and (b) TEM images of silica form obtained by heat treatment at 
600 oC under air. An inset in the fig. 1b shows the foam-like structure. (c) SEM 
and (d) TEM images of mesoporous silicon particles synthesized by 
magnesiothermic reaction of silica form. (e) XRD patterns of mesoporous 
silicon and MgO by-product after Mg reduction and HCl leaching process, 
respectively.  

Prior to combining the mesoporous silicon with the GPE, the 
physicochemical properties of the GPE were characterized. 
Increasing the ETPTA content in the GPEs exerted advantageous 
influence on the pulverization suppression and interfacial stability 
with silicon anode materials, however, simultaneously caused the 
ionic conductivity loss. Taking into such a trade-off behavior of 
polymer content in the GPEs, the optimum content of polymer 
matrix was determined. Specifically, the GPE (containing 3 wt.% 
ETPTA) showed the best electrochemical performance, although its 
ionic conductivity was slightly lower than that of the GPE (with 2 wt.% 
ETPTA). First, the thermal-crosslinking reaction of the GPE was 
examined by observing the change in the FT-IR peaks assigned to 
acrylic C=C= bonds (1610-1625 cm-1) of the ETPTA monomer 
before/after thermal-curing35,36. Figure 2b shows that the 
characteristic FT-IR peaks of the acrylic C=C bonds in the GPE 
disappeared after the thermal curing. This result verifies the 
successful thermal-polymerization of ETPTA monomer, which was 
further confirmed by measuring the gel content of the GPEs. The gel 
content (i.e. insoluble polymer fraction after solvent (dimethyl 
carbonate and acetone extraction) of the GPE was observed to be 
more than 99 %, which demonstrates that the thermal-crosslinking 
reaction of the ETPTA monomer in the GPEs is almost completed. 
The mechanical flexibility of the GPE was shown in Fig. 2a and 
movie (ESI, movie S1). The GPEs featuring these unique physical 
properties are expected to act as a mechanical cushion which can 
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alleviate the large volume change of silicon anode during the 
battery operation. 

Fig. 2 (a) Physical appearance of GPE as a function of the incorporated ETPTA 
content. (b) FT-IR spectra of acrylic C=C double bonds of ETPTA monomer 
before/after thermal-curing. (c) Temperature-dependent ionic conductivity of 
GPEs and liquid electrolyte. (d) Cyclic voltammograms of GPEs and liquid 
electrolyte. (e) Discharge/charge profiles of half cells assembled with 
mesoporous silicon anode and GPEs at 1st cycle and (f) cycling performance of 
half cells at discharge/charge current density of 0.2 C/0.2 C under voltage 
range of 0.01-1.2 V.  

The temperature-dependent ionic conductivity of the GPE is 
compared with that of the liquid electrolyte containing no ETPTA 
polymer. Both the GPE and the liquid electrolyte show excellent 
ionic conductivities over a wide range of temperature (fig. 2c). 
Notably, the ionic conductivity of the GPE (incorporating 2 wt% 
ETPTA) appears to be similar to that of the liquid electrolyte, 
indicating that the presence of the ETPTA polymer does not exert 
harmful influence on ion transport in the GPE. Such good ionic 
conductivity of the GPE can be explained by the unique role of the 
ETPTA polymer network. Specifically, the ETPTA polymer may have 
strong interaction with lithium ions due to the presence of nine 
oxygen atoms of ETPTA molecule, possibly facilitating the 
dissociation of lithium salts36,37. In addition, the electrochemical 
stability window of the GPE was examined by analyzing the cyclic 
voltammetry (Fig. 2d). No significant decomposition of any 
components in the GPE takes place in the range of 0.01-1.2 V (vs. 
Li/Li+), ensuring that the GPE could be electrochemically combined 
with the silicon anode. 

The potential application of the GPE to the mesoporous silicon 
anode was explored in terms of cell performance. The first 
galvanostatic voltage profile was shown at discharge/charge 
current density of 0.05 C/0.05 C (Fig. 2e). It is of note that the GPE 
with 2 wt% ETPTA presents the larger initial capacity than the liquid 
electrolyte. However, the GPE (2 wt% ETPTA) showed a sharp decay 
in the capacity retention after 66th cycle. In contrast, the GPEs 

containing the higher amount (3 and 4 wt%) of ETPTA presented 
better cycling stability. In particular, the improvement in the cycling 
performance (capacity retention = 92 % after 100 cycles) was 
remarkable at the GPE (3 wt% ETPTA), compared to the cell using 
liquid electrolyte (capacity retention = 80 % after 100 cycles). The 
relatively inferior capacity retention of the GPE (4wt% ETPTA) may 
be ascribed to its lower ionic conductivity (Fig. 2c). This result 
exhibits that the GPEs, which are characterized with the superior 
elasticity over the liquid electrolyte (Fig. 2a), can act as an 
exceptional mechanical cushion to accommodate the volume 
change of silicon inevitably generated during the lithiation-
delithiation reaction, demonstrating the unusual synergistic 
coupling of mesoporous silicon and GPE (3 wt% ETPTA). 

Micro-sized, macroporous silicon 

 

Fig. 3 (a) SEM image of micro-sized macroporous diatomite. An inset shows the 
macrospores and smooth silica surface. (b) SEM image of micro-sized 
macroporous silicon synthesized via magnesiothermic reaction of diatomite. An 
inset is the XRD pattern indicating the formation of pure silicon particles. (c) 
Cycling performance of micro-sized macroporous silicon anodes combined with 
GPE (3wt% ETPTA) or liquid electrolyte. An inset shows the first cycle voltage 
profiles. (d) Charge rate capability of micro-sized macroporous silicon anode 
combined with GPE (3wt% ETPTA).  

The micrometer-sized 3D macroporous silicon was synthesized via 
magnesiothermic reaction. Macroporous silica (Diatomite) is 
composed of 90% of silica, 5% of alumina, 1% of iron oxide and trace 
amounts of different kinds of oxides. According to the Ellingham 
diagram38, all of the oxides mentioned above can be converted to 
reduced species by magnesium vapor. When the molar ratio of silica 
to magnesium during the magnesiothermic reaction is higher than 
1.25, excess Mg reacts with Si product or unreacted silica to generate 
additional Mg2Si or Mg2SiO4, respectively. The Mg2Si can be easily 
removed by HCl treatment39, however, the HCl is not a suitable 
etchant for Mg2SiO4. If the Mg2SiO4 byproducts, which are 
electrochemically inert with lithium ions, may not completely 
removed, the loss of specific capacity of the resultant micro-sized 
macroporous silicon is difficult to avoid. 

Diatomite has a unique shape which is a hollow cylinder (over 15 
µm in height) with thick frame (<3 µm), and numerous narrow 
channels (several hundred nanometer in diameter), as shown in Fig. 
3a. After the magnesiothermic reaction and subsequent HCl 
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treatment, the micro-sized macroporous silicon and MgO byproducts 
were produced without any shape-deformation. The XRD pattern 
displays that the crystalline phases are exclusively assigned to pure 
silicon without any other impurities (ESI, fig. S2). The micro-sized 
macroporous silicon particles have large numbers of pores which 
may alleviate the volume change of silicon (inset of fig. 3b). The 
voltage profiles at 1st cycle (discharge/charge current density = 0.05 
C/0.05 C, an inset of fig. 3c) show no significant difference in the 
capacity between the GPE (3 wt% ETPTA) and liquid electrolyte. 
However, as the cycle number was increased, the cell containing the 
GPE provided the substantial improvement in the cycling 
performance (capacity after 100 cycles = 1191 mAh g-1, fig. 3c), while 
the cell with the liquid electrolyte showed the sharp capacity decay 
(~ 800 mAh g-1). This result demonstrates the advantageous effect of 
the GPE on the long-term electrochemical performance of the micro-
sized macroporous silicon anode. Moreover, the cell assembled with 
the GPE showed the excellent discharge rate capability (e.g., capacity 
retention at 5.0 C (vs. at 0.2 C) ~ 80%, fig. 3d). 

Silicon sheet 

The 2D silicon sheet was synthesized through magnesiothermic 
reaction of illite, one of the layered clay minerals. The chemical 
formula of illite is (K, H3O) (Al, Mg, Fe)2 (Si, Al)4O10 [(OH)2, (H2O)]. And, 
the composition ratio of illite is 47% of silica, 23.3% of alumina, 10% 
of iron oxide, 6.7% of potassium oxide and so on40. It consists of thin 
single unit layers which are piled up to 20 µm in height (fig. 4a). 
During the magnesiothermic reaction, the layers of illite are partially 
exfoliated and subsequently converted to 2D silicon sheet structure 
with thickness of 10 µm (fig. 4b). The XRD patterns (fig. 4c) of the 
resulting 2D silicon sheets show the successful formation of pure 
silicon (that was synthesized from illite). The coupling effect of the 
silicon sheet and GPE on the electrochemical performance was 
investigated.  

 

 

 

Fig. 4 (a) SEM images of pristine illite showing sheet-like structure. (b) SEM 
image of 2D silicon sheets synthesized through magnesiothermic reduction of 
illite. (c) XRD patterns of illite and 2D silicon sheet. (d) Cycling performance of 
2D silicon sheet combined with GPE or liquid electrolyte. An inset shows the 
discharge/charge voltage profiles at 1st cycle.  

The silicon sheet combined with the GPE (3 wt% ETPTA) showed the 
higher initial capacity (= 1469 mAh g-1) than that with the liquid 
electrolyte (= 1137 mAh g-1) (inset of fig. 4d). This beneficial effect of 
the GPE over the liquid electrolyte could be attributed to physical 
tightening of the silicon sheets by the crosslinked elastic GPE, 
thereby allowing larger amount of silicon active materials to 
participate in the discharge/charge reaction. The 2D silicon sheet 
combined with the GPE also showed the stable cycling performance 
(capacity retention ~ 65 % after 150 cycles at 0.2 C/0.2 C, fig. 4d). 
Interestingly, when carbon-coated Si sheets anode (with carbon 
contents of 10 wt%) was combined with GPE electrolytes, 
outstanding cycling retention (nearly capacity retention of 100% 
after 200 cycles at 0.5 C rate) was shown compared to electrode 
combined with liquid electrolyte (fig. 4e). 

Volume change of silicon anodes before/after cycling 

To better understand the unique role of the GPE as a mechanical 
cushion that can alleviate the volume change-induced internal 
stress of silicon materials during the repeated cycling, the cross-
sectional morphologies of silicon anodes before/after cycling test 
(100 cycles) were analyzed (fig. 5).  

 

Fig. 5 Cross-sectional SEM images showing the volume expansion of various 
silicon anodes (1st column: as-prepared anodes, 2nd column: anodes containing 
liquid electrolyte after 100 cycles, 3rd column: anodes containing GPE after 100 
cycles). SEM images of (a-c) mesoporous silicon, (d-f) micro-sized macroporous 
silicon, and (g-i) silicon sheet. 

It is of note that the GPE, as compared to the liquid electrolyte, 
remarkably suppressed the volume expansion of the silicon anodes. 
Specifically, the volume expansion (after 100 cycles) was found to 
be 131 % vs. 65 % (liquid electrolyte vs. GPE) for the mesoporous 
silicon anodes, 187 % vs. 134 % for the micro-sized macroporous 
silicon, and 195 % vs. 101 % for the silicon sheet. This result 
demonstrates that the GPE effectively acts as a mechanical cushion 
to accommodate the volume change (leading to pulverization) of 
silicon and also preserve the electronic/ionic conduction pathways, 
eventually providing significant improvement in the long-term 
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cycling performance of the nanostructured silicon materials. 
Electrochemical performances of various silicon anodes combined with 
GPE and liquid electrolytes are summarized in the Table S1 (ESI). 

Conclusion 

We demonstrated the synergistic coupling of nanostructured 
silicon materials and GPEs for high-performance lithium-ion battery 
anodes. For all of the silicon anode systems, the mesoporous silicon 
combined with GPE showed the significant improvement in the 
cycling performance (capacity retention = 92 % after 100 cycles) 
compared to the silicon anode using liquid electrolyte (capacity 
retention = 80 % after 100 cycles). The chemically-crosslinked 
ETPTA-mediated elastic GPE acted as a mechanical cushion which 
can alleviate the volume change of silicon anodes during the 
repeated cycling and stabilized the interface of silicon materials. 
More notably, the GPE enabled the remarkable suppression (1.5-2 
times less than the liquid electrolytes) in volume expansion of the 
silicon anodes during the cycling. We anticipate that this coupling 
strategy based on the nanostructured silicon and the chemically-
crosslinked elastic GPE is effective and also versatile, which 
thereupon can be easily applicable to a vast variety of silicon anode 
materials suffering from electrochemical pulverization concerns. We 
are in progress to make full cell combined with the GPE. 
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Graphical Abstract 

 

We demonstrate the convergence of various silicon structures and gel-polymer 

electrolyte for enhancing cycle retention of silicon anode in lithium-ion battery. Cross-

linked polymer matrix can act as a buffer, alleviating the internal pressure in the cell 

caused by volume expansion. It exhibit a half of volume expansion compared to liquid 

electrolyte cell, producing over 2000 mAh g
-1
 after 100 cycles.  
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