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A stable interface between silicon anodes and electrolytes is vital to realizing 
reversible electrochemistry cycling for lithium-ion batteries. Herein, a zincone 
polymer coating is controllably deposited on a silicon electrode using the 
molecular layer deposition to serve as an arti�cial solid electrolyte interphase 
(SEI). Enhanced electrochemical cycling depends on the thickness of zincone 
coating. The optimal zincone coating of ���nm markedly improves the lithium 
storage performance of silicon anodes, resulting in a high reversible capacity 
(�����mA h g�� after ��� cycles at ����mA g��), outstanding cycling stability 
(�����mA h g�� after ��� cycles), and superior rate capability (�����mA h g�� at 
� A g��). Such remarkable electrochemical reversibility stems from the in situ 
conversion of the zincone coating and a zincone-driven thin lithium �uoride 
(LiF)-rich SEI, which endow the silicon electrode with superior electron/ion 
transport and structural stability. Meanwhile, the zincone coating demon-
strates good compatibility with ether-based electrolytes (����mA h g�� after 
��� cycles, ����mA h g�� at � A g��). Additionally, in situ conversion of arti�cial 
zincone coating also opens a door for constructing a functional interface on 
other electrode surfaces, such as lithium/sodium metal.
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density devices.[�] Seeking alternative elec-
trode materials with high capacity is one 
way to improve the energy density of LIBs. 
Considering anode materials, silicon is 
considered as one of the most competi-
tive candidates due to a high theoretical 
capacity, ease of production, low cost, and 
low environmental impact.[�] However, 
the volume swells/shrinks (����%) and 
continuous interfacial reaction during 
battery operation seriously hinders the 
commercialization of silicon anodes.[�] 
This huge volume �uctuation leads to the 
mechanical fracture of silicon particles, 
causing exposing more fresh silicon inter-
face to the electrolyte. In turn, the refor-
mation of the unstable solid electrolyte 
interphase (SEI) is exacerbated, causing 
poor Coulombic e�ciencies, fast capacity 
decay, and deteriorative rate capability.[�] 
The abovementioned issues have resulted 
in the stagnation of the development of 
silicon anodes for the past ten years.

Numerous strategies have been proposed to relieve the 
volume e�ect and improve the structural stability of silicon 
anodes including nanostructuring,[�] bu�er matrix compos-
ites,[�] heterogeneous doping,[�] multifunctional binders,[�,�] and 
electrolyte additives.[��] Previous reports have shown that silicon 
nanoparticles smaller than ���� nm can better relieve stress 
caused by volume change.[��] Composites with nano-size silicon 
are therefore expected to stabilize silicon anodes. Such compos-
ites typically employ inactive/active bu�er coatings, which have 
been theorized to act as protective layers to prevent unwanted 
side reactions between silicon and liquid electrolytes during 
cycling.[��] Commonly developed carbonaceous coatings and 
oxide coatings have been proposed and notably improve the 
cyclability of silicon anodes. However, they still have limitations 
including the catalytic e�ect of carbon on the decomposition 
of liquid electrolytes and the poor toughness of oxides, which 
severely restricts the long-stem electrochemical reversibility of 
silicon anodes.[��,��] Consequently, serious challenges have yet 
to be overcome in the surface coating engineering of silicon 
anodes.

Arti�cial polymer coatings have attracted widespread atten-
tion due to their �exibility, toughness, and graftable chem-
istry.[��] The molecular layer deposition (MLD) paves the way for 
precisely controlled synthesis of polymers through self-limited 

�. Introduction

The development of electric vehicles and large-scale energy 
storage equipment has resulted in increasingly demanding 
requirements for lithium-ion batteries (LIBs) in terms of 
energy density and cycle life.[�] Commercial LIBs based on tra-
ditional graphite and lithium cobalt oxide are approaching the 
limit of their ability to meet the market demand for high energy 
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reactions.[��] Ban’s group developed a so-called alucone coating 
on a silicon electrode, and the alucone coating with good 
mechanical properties promotes a signi�cant improvement 
in cyclability of silicon anode.[��] However, the understanding 
that the physical mechanical restraint improves electrochemical 
cycling is insu�cient. And the mechanisms behind the electro-
chemical evolution of the MLD coating still remain unknown, 
limiting our ability for the e�cient design of arti�cial surface 
coatings. In addition to this, cyclic reversibility and rate capa-
bility also demonstrate room for improvement.

Herein, a zincone coating, for the �rst time, was control-
lably deposited on silicon electrodes by MLD. The optimized 
zincone coating greatly expands electrochemical cycling 
lifespan, which origins from in situ conversion of arti�cial 
zincone coating and a zincone-induced thin LiF-rich SEI. 
Speci�cally, the lithium ion storage performance includes 
outstanding cycling stability (�����mA h g�� after ��� cycles) 
and rate capability (�����mA h g�� at � A g��). Also, the zin-
cone coating obviously reduces the transfer impedance and 
e�ectively stabilizes the volume change of the silicon elec-
trode. Meanwhile, the zincone coating displays superior com-
patibility with ether-based electrolytes. In additional, in situ 
electrochemical conversion of zincone coating also provides 
a good idea for constructing the functional interface on other 
electrode surfaces (e.g., Li metal anode).

�. Results and Discussion

Figure� �a demonstrates a schematic diagram of the zincone 
coated silicon electrode by MLD. The zincone coating was 
deposited on the silicon electrode instead of silicon nanoparti-
cles in order to keep electron/ion unobstructed transport. Pre-
vious reports have proven MLD coatings on the electrodes to 
be more advantageous than MLD coating silicon nanoparticles 
directly.[��b,��] The zincone coating was deposited by self-limiting 
surface chemistry between ethylene glycol (EG) and diethylzinc 
(DEZ), which achieves control at the molecular level.[��] DEZ 
�rst reacts with silanol on the surface of silicon and leaves an 
ethyl zinc terminated surface. The zinc ethyl continues to react 
with the alcoholic hydroxyl group of the EG. The second alco-
holic hydroxyl group in the EG then continues reacting with 
the DEZ. These steps represent one MLD cycle. The zincone 
coating thickness can be controlled by the number of reaction 
cycles. Here, silicon electrodes with ��, ��, and �� cycles of zin-
cone coating were prepared. These electrodes are denoted as 
Si@��-ZC, Si@��-ZC, and Si@��-ZC, respectively.

Physical characterization was carried out to verify the pres-
ence of the zincone coating, measure coating thickness, and 
examine electrode morphology. The Si@��-ZC electrode was 
used for physical characterization due to its optimal electro-
chemical performance. The X-ray di�raction (XRD) test results 

Figure �.  a) A schematic diagram of a MLD-zincone coated silicon electrode; b) XPS spectrum of Zn �p�/�; SEM images of c) the Si@��-ZC electrode; 
d) the pristine silicon electrode; e) HRTEM image with inset showing the lattice fringe; f) STEM-EDS elements mappings for Si@��-ZC.
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of electrodes are displayed in Figure S�, Supporting Informa-
tion. Speci�cally, the three di�raction peaks at ���.��, ���.��, 
and ���.�� are attributed to crystal silicon, corresponding to 
(���), (���), and (���) crystal planes of silicon lattice (JCPDS No. 
��-����), respectively.[�] The di�raction peaks of the copper foil 
were also detected since the electrodes were directly used as the 
test objects. The three peaks at ���.��, ��.��, and ���.�� belong 
to metal copper, corresponding to (���), (���), and (���) crystal 
planes of copper.[��] The XRD pattern shows no additional peak 
for the Si@��-ZC electrode compared to the pristine silicon 
electrode, indicating that the zincone coating is amorphous.[��] 
As shown in Figure S�, Supporting Information, X-ray photo-
electron spectroscopy (XPS) survey spectra exhibit an obvious 
zinc peak for Si@��-ZC electrode, indicating the presence of a 
zincone coating.[��,��] In Figure��b, the peak at �����.��eV in the 
Zn �p�/� spectrum corresponds to the Zn�O bond in the zin-
cone.[��] There is no visible di�erence between the Si@��-ZC  
electrode and the pristine silicon electrode in the scanning 
electron microscope (SEM) images in Figure��c,d, indicating a 
conformal and ultrathin zincone coating. Simultaneously, the 
Si@��-ZC and Si@��-ZC electrodes show a similar conformal 
morphology in Figure S�, Supporting Information. The uni-
form distribution of zincone coatings can be observed on the 
electrode scale by the zinc mapping, and the corresponding 
EDS spectrum indicates the presence of zincone in Figure S�, 
Supporting Information. Transmission electron microscope 
(TEM) was characterized to determine the thickness of the  
zincone coating for the Si@��-ZC electrode. As shown in 
Figure S�, Supporting Information, the silicon particle size is 
smaller than ����nm. And the di�raction ring of silicon nano-
particles is consistent with polysilicon.[��] The thickness of the 
zincone coating is ��� nm as shown in Figure� �e. The inset 
shows a lattice spacing of �.���nm, corresponding to the (���) 
crystal plane of silicon.[��] In Figure� �f, the relevant element 
EDS mappings demonstrate the uniform distribution of zin-
cone coating on silicon nanoparticles, which further con�rms 
the identi�cation of zincone coating on the silicon electrode.

The lithium storage performance was characterized using 
lithium metal as a counter electrode as shown in Figure��. The ini-
tial three charge�discharge curves of the Si@��-ZC electrode are 
shown in Figure��a. The �rst discharge and charge speci�c capac-
ities are ���� and �����mA h g��, respectively. The corresponding 
initial Coulombic e�ciency is up to ��%, a signi�cant improve-
ment over the pristine silicon electrode (��%) in Figure S�,  
Supporting Information. This mainly is due to the zincone 
coating preventing direct contact between silicon nanoparti-
cles and the liquid electrolyte.[�,��] Besides, there is no obvious 
capacity attenuation during the initial three cycles, demon-
strating outstanding electrochemical reversibility.[��] The cyclic 
voltammetry (CV) curves of the Si@��-ZC electrode are indi-
cated in Figure��b. The broad peak at ��.��V corresponds to the 
SEI information during the �rst lithiation process,[��] and the 
peak at ��.��V corresponds to the reaction between the zincone 
and lithium. The next CV cycles demonstrates electrochemical 
behavior characteristic of silicon anode and are consistent with 
the CV behavior of pristine silicon electrode in Figure S�, Sup-
porting Information.

The rate capability and cycling stability of samples were 
tested to explore the best electrochemical stability. Obviously, 

the Si@��-ZC electrode shows the best lithium storage per-
formance. The Si@��-ZC and Si@��-ZC electrodes also 
deliver enhanced electrochemical stability compared to the 
pristine silicon electrode, especially in terms of rate capability. 
Understandably, the optimal coating thickness is a trade-o� 
between lithium ion transport ability and structural stability. 
The Si@��-ZC electrode shows obviously improved rate capa-
bility in Figure� �c. Even at � A g��, a high speci�c capacity of 
����� mA h g�� is achieved, compared to a speci�c capacity of 
only ����mA h g�� for the pristine silicon electrode. The corre-
sponding charge and discharge curves at di�erent current den-
sities are displayed in Figure� �d. For the Si@��-ZC electrode, 
a high reversible capacity of �����mA h g�� is maintained after 
��� cycles at ����mA g�� in Figure��e. As a comparison, the spe-
ci�c capacity of the pristine silicon electrode remains at only 
���� mA h g�� after ��� cycles. Meanwhile, the corresponding 
Coulombic e�ciency curves of Si@��-ZC and pristine silicon 
electrode are shown in Figure S�, Supporting Information. For 
Si@��-ZC electrode, the Coulombic e�ciencies soon increased 
to over ��.�% after �ve cycles, and the curve keeps stable during 
cycling, showing the arti�cial zincone coating promotes the 
formation of a stable SEI interface. As a contrast, the pristine 
silicon electrode shows the relatively low Coulombic e�cien-
cies during the initial �� cycles, and the curve shows obvious 
�uctuations due to an unstable interface chemistry. The long-
stem cycling stability of samples was characterized at � A g�� as 
shown in Figure��f. The activation current density in the initial 
two cycles is ����mA g��. For Si@��-ZC electrode, a high revers-
ible capacity of �����mA h g�� is retained after ��� cycles, illus-
trating the impressive cycling stability. And this cycling curve 
shows the slight �uctuation within �rst �� cycles, which maybe 
caused by temperature disturbances.[��] In contrast, the pristine 
silicon electrode demonstrates a rapid capacity decline, and the 
battery fail soon after ��� cycles. Meanwhile, to demonstrate 
the better �exibility mechanical bu�er of the zincone coating, 
a comparative atomic layer deposition (ALD)-zinc oxide (ZnO) 
coated silicon electrode, denoted as Si@ZnO electrode, was pre-
pared and characterized. The Si@ZnO electrode displays the 
poor cycling stability compared to the Si@��-ZC electrode at 
� A g��. A speci�c capacity of only ��� mAh g�� is obtained after 
��� cycles. Also, the Si@ZnO electrode exhibits a relatively poor 
rate capacity as shown in Figure S�, Supporting Information. At 
� A g��, the reversible capacity is ���� mAh g��. Therefore, the 
zincone coating greatly improves the electrochemical stability of 
silicon anodes in the carbonate-based electrolyte.

Silicon-sulfur batteries have attracted much attention due 
to their high energy density.[��] Sulfur cathodes must be paired 
with ether-based electrolytes. Therefore, the lithium storage per-
formance of silicon anodes in ether-based electrolytes is of great 
importance. The electrochemical performance of the Si@��-ZC  
electrode in ether-based electrolytes was tested. The �rst 
charge�discharge curve is displayed in Figure S��, Supporting 
Information, showing an initial Coulombic e�ciency of ��%. 
The improved rate capability is shown in Figure� �g. Speci�-
cally, a high reversible capacity of ����mA h g�� is maintained 
at � A g��. In contrast, the speci�c capacity of the pristine 
silicon electrode is almost zero at the same current density. 
Cycling stability shows a signi�cant improvement with a spe-
ci�c capacity of ���� mA h g�� after ��� cycles at � A g�� in 
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Figure��h. In contrast, the pristine silicon electrode fails after 
��� cycles. Therefore, whether in the carbonate-based elec-
trolyte or the ether-based electrolyte, the zincone coating sig-
ni�cantly improves the cycling stability and rate capability of 
silicon anodes. Furthermore, the electrochemical performance 
of Si@��-ZC is even better than some silicon-carbon com-
posite anodes and some advanced anode materials (such as 
metal oxides and sul�des) in terms of cycling capacity and rate 
capability.[��]

In order to fundamentally understand the improved lithium 
storage performance, the electrochemical evolution of zincone 

coatings needs to be recognized. Previous reports pay little 
attention to this point. A CV test of �� cycles zincone �lm on a 
copper foil was conducted as shown in Figure��a. There are two 
obvious peaks at ��.� and ��.��V during the �rst negative scan, 
which corresponds to the lithiation reaction between zincone 
and lithium and is consistent with the results in Figure��b. The 
coincidence of the subsequent CV cycles shows the electro-
chemical stability of the zincone coatings. The evolution mech-
anisms of zinc (Zn) during the �rst cycle were further explored 
using ex situ X-ray absorption near edge structure (XANES). 
Si@��-ZC electrodes at di�erent potentials shown in Figure��b 

Figure �.  Electrochemical performance a) the charge�discharge curves of Si@��-ZC; b) the CV curves of Si@��-ZC; c) rate performance; d) charge�
discharge curves at di�erent current densities; e) cycling performance at ����mA g��; f) cycling performance at � A g��. In ether-based electrolytes  
g) the rate performance; h) the cycling performance at � A g��.
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were prepared according to the CV curve of the zincone �lm 
in Figure��a. The corresponding X-ray absorption spectroscopy 
(XAS) spectra taken during lithiation are displayed in Figure��c. 
During lithiation, the Zn K-edge moves to a lower energy, and 
the peak intensity decreases, indicating the reduction of zinc.[��] 
During delithiation, the Zn K-edge moves to a higher energy, 
and the peak intensity increases in Figure� �d, indicating the 
electronic loss of Zn. Figure��e shows the derivative curves of 
the XAS absorption spectra, and the position of the strongest 
peak can re�ect valence state of zinc. The Zn K-edge absorp-
tion spectra for the reference ZnO powder and Zn foil are 
shown in Figures S�� and S��, Supporting Information, respec-
tively. When the lithiation reaches �.��V,� metallic LixZn alloy 
is formed, evidenced by the lower peak position than the Zn 
foil. During the subsequent delithiation process from �.�� to 
�.��V, metallic zinc is formed in the silicon electrode. The good 
conductivity of metallic zinc (Zn or LixZn) accelerates charge 
transfer and promotes faster reaction kinetics. Consequently, 

the ex situ XAS study helps to further clarify the evolution of 
the zincone coating during charge and discharge and explain 
the improvement in electrochemical performance.

As an arti�cial SEI, conformal zincone coatings de�nitely 
participate in the formation of SEI, which is known to be key 
determinants of battery performance. The e�ect of the zincone 
coating on SEI composition was explored by XPS. In Figure��f, 
the C �s spectrum of Si@��-ZC reveals a reduction in the pro-
portion of inorganic lithium carbonate (Li�CO�), indicating that 
the zincone coating inhibits the formation of insoluble electro-
lyte reduction products. A comparison shows an increase in 
organic polymers containing C�O and C�O bonds.[��] These 
polymers are most likely transformation products of the zin-
cone coating during cycling and play an important role in 
bu�ering the volume expansion and maintain the structural 
stability of silicon electrodes. In the Zn �p�/� spectrum, the 
peak at �����.��eV shifts to a low energy compared to the peak 
associated with zincone as shown in Figure��g, suggesting the 

Figure �.  a) CV curves of zincone �lm; ex situ Zn K-edge XANES tests b) test points at di�erent potentials; c) during lithiation; d) during delithiation; 
inset is part showing enlarged region. e) The corresponding di�erential curves of the XAS spectra at di�erent potentials. XPS spectra after �� cycles 
f) C �s; g) Zn �p�/�; h) F �s.
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formation of metallic zinc from the reduction of zincone.[��] 
This is consistent with the ex situ XAS test results. The Zn 
�p�/� spectrum shows no peak for the pristine silicon electrode. 
According to the discussion above, in situ conversion of zin-
cone coatings are as described in the inset of Figure��b.

For the F �s spectrum, the peak intensity corresponding 
to lithium �uoride (LiF) increases compared to the pristine 
silicon electrode in Figure� �h, suggesting increased LiF con-
tent. It is well-known that LiF has high elastic modulus and 
ionic conductivity, two essential properties for achieving a 
stable SEI.[��] The increased LiF content is mainly because 
the zincone-derivatives inhibit the decomposition of lithium 
salts, leading to a decrease of LixPFy. In other words, the zin-
cone coating can promote the enrichment of LiF on silcon 
electrode. Simultaneously, it is also possible that the zincone-
derivatives change the reaction path of the SEI formation to 
favoring the production of more LiF. However, further work 
is required to validate this hypothesis. Noticeably, the LiF and 
metallic zinc improve the ionic and electronic conductivity of 
the electrode, while the zincone-drived polymers bu�er the 
volume change of the silicon, resulting in improved cycling 
stability and rate performance.

The e�ect of the zincone coatings on the structure and 
thickness of the SEI was investigated using the time-of-�ight 
secondary ion mass spectrometry (TOF-SIMS). Porous silicon 
electrodes have similar SEI structure to silicon �lm electrodes. 
The SEI thickness is determined by �nding the point, at which 
the derivative of the silicon or LiF signals with respect to sputter 
depth goes to zero. Si and LiF produce Si� and LiF�

� ion signals, 
respectively. Zincone-drived metallic zinc produces a ZnO� ion 

signal while LixPFy and residual lithium salt produce a PF�
� 

ion signal. Distinctly, much less time is required for the signal 
derivative to reach zero with the Si@��-ZC electrode (��� s) 
compared to the pristine silicon electrode (���� s) as shown in 
Figure��a,b, indicating that the Si@��-ZC electrode possesses 
a thinner SEI. This is likely one of the reasons for the smaller 
SEI resistance (RSEI) of the Si@��-ZC electrode. Furthermore, 
the ZnO� signal remains constant below the SEI, indicating a 
uniform distribution of metallic zinc in the silicon electrode.

Figure� �c,d demonstrates the TOF-SIMS secondary ion 
images after �� and ��� s of sputtering the Si@��-ZC electrode, 
respectively. A weak silicon signal in Figure��c indicates that the 
surface of the Si@��-ZC electrode is covered by the SEIs. After 
��� s of sputtering, Figure��d shows the silicon signal reaching 
saturation, indicating that the silicon is completely exposed. 
Meanwhile, evenly distributed metallic zinc is also observed in 
the electrode. Interestingly, the LiF shows the spotted aggrega-
tion, which may be caused by the porous electrode structure. In 
Figure� �e, the corresponding �D reconstructions more vividly 
re�ect the electrode structure. Metallic zinc is uniformly dis-
tributed, and the columnar LiF is distributed through the elec-
trode. This distribution plays an important role in promoting 
electron/ion transport in silicon electrodes.

In order to further verify the above-mentioned experimental 
results, the electrochemical impedance spectroscopy (EIS) 
measurements were carried out for the Si@��-ZC and pris-
tine silicon electrodes after �� cycles. Before cycling, the EIS 
spectra of both the Si@��-ZC and pristine silicon electrode 
show one semicircle and one straight line in Figure S��, Sup-
porting Information. After cycling, the EIS spectra show two 

Figure �.  Depth pro�le of various secondary ion species obtained by sputtering after �� cycles. a) The Si@��-ZC electrode; b) the pristine silicon 
electrode. TOF-SIMS secondary ion images of the Si@��-ZC electrode c) after sputtering for �� s; d) after sputtering for ��� s (the bar is ����m).  
e) �D reconstructions of the sputtered volume corresponding to the depth pro�les in Figure��a.
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semicircles in the high frequency region and one straight line in 
the low frequency region as shown in Figure��a,b, representing 
the SEI impedance (RSEI), the charge transfer impedance (Rct), 
and the lithium ion di�usion in the electrode, respectively.[��] 
The inset is the corresponding equivalent circuit. The RSEI and 
the Rct of the Si@��-ZC electrode are signi�cantly smaller than 
that of the pristine silicon electrode. The values obtained by �t-
ting are shown in Figure��c. The straight line of the Si@��-ZC 
electrode shows a larger slope than that of the pristine silicon 
electrode, indicating faster lithium ion di�usion dynamics.[��] 
The reduced resistance (RSEI and Rct) and accelerated lithium 
ion di�usion bene�t from the stable interface comprised of 
zincone-derivatives (metallic zinc and polymers) and LiF-dom-
inated SEIs.

The morphology of the electrodes was examined from a top 
view and cross-sectional view obtained by SEM. The Si@��-ZC 
electrode displays an intact structure with no obvious cracking 
after �� cycles in Figure��d. Upon closer inspection, the com-
plete silicon nanoparticles can be clearly observed in Figure��e, 
indicating that the zincone coating enables the structural sta-
bility of silicon nanoparticles during cycling. Additionally, a 
hairy layer can be observed on the silicon nanoparticles. In 
contrast, the pristine silicon electrode shows numerous cracks 
in Figure��h, and silicon nanoparticles have been covered by a 

much thicker SEI in Figure��i. Additionally, Figure��f,g is the 
cross-sectional SEM images of Si@��-ZC electrode before and 
after cycling, respectively. Figure��j,k is the cross-sectional SEM 
images of pristine silicon electrode before and after cycling, 
respectively. A comparison reveals that the thickness change 
of the Si@��-ZC electrode before and after cycling was signi�-
cantly reduced (��%) compared to that of the pristine silicon 
electrode (���%). Therefore, the zincone coating enhances the 
structural stability and integrity of the silicon electrode, further 
enabling improved cycling stability and rate capability.

To test the viability of the Si@��-ZC electrode in practical 
cells, LiFePO�//Si@��-ZC cells were assembled and tested. A 
schematic diagram of the LiFePO�//Si@��-ZC cell is shown 
in Figure S��a, Supporting Information. The initial two 
charge�discharge curves of the cell are shown in Figure S��b, 
Supporting Information. The �rst cycle Coulombic e�ciency 
is ��%, which might be improved through prelithiation in 
future work. The full cell shows good rate capability with a 
speci�c capacity of ��� mA h g�� at � C in Figure S��c, Sup-
porting Information. A speci�c capacity of ���� mA h g�� is 
maintained after ��� cycles at �.� C as shown in Figure S��d, 
Supporting Information, displaying good cycling stability and 
suggesting the feasibility of using the Si@��-ZC electrodes 
for practical LIBs.

Figure �.  EIS testing after �� cycles of a) the Si@��-ZC electrode; and b) the pristine silicon electrode; c) a comparison of �tted RSEI and Rct; top-view 
SEM images after �� cycles and the corresponding enlarged image of d,e) the Si@��-ZC electrode; and h,i) the pristine silicon electrode. Cross-sectional 
SEM images before and after �� cycles of f,g) the Si@��-ZC electrode; and j,k) the pristine silicon electrode.
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