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Facile synthesis of ultrasmall Si particles embedded in carbon framework using

Si-carbon integration strategy with superior lithium ion storage performance.
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Downsizing the Si particles, creating conductive carbon matrix and constructing
porous expansion space are main ways to enhance lithium ion storage performance
of Si-based anode. However, up to now, there is few methods can design a Si
electrode integrating these structural features. Here we supply novel ultrasmall Si
particles embedded in carbon matrix by using a simple Si-carbon integration
strategy. The key to this method is the employment of novel organic/inorganic
hybrid building block, i.e., octaphenyl polyhedral oligomeric silsesquioxane
(Ph-POSS). Ph-POSS has inorganic -SigO1, core (SiO;s) and organic phenyl group
shell, simultaneously. The Friedel-Crafts crosslinking of phenyl group shell creates
continuous polymeric nanospheres and wraps -SigOj, core in it. After high-
temperature heat treatment and magnesiothermic reduction, the crosslinked
polymeric nanosphere will be converted into porous carbon matrix with a surface
area of 332 ng_l, and the -SigOy; core (ca.1.0nm) will be reduced and in-situ grow
to ultrasmall Si particle (4-10nm). This Si/C nanosphere exhibits superior lithium-
ion storage performances. The initial discharge and charge capacities can reach
2139 and 1421mAh g ', respectively. After 120 cycles, a remarkable capacity of
738 mAh g_1 remains, which is 2.0 times of the theoretical capacity of graphite.
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Yolk-shell Si@void@C nanostructure has greatly improved the low Li'/electron
conductivity and buffered the huge volume variation of Si, whereas the surface
corrosion and passivation of the Si yolks in electrolytes still limit the lithium
storage capability. Herein, core-shell yolk-shell Si@C@void@C nanohybrids were
proposed and successfully prepared for the first time. Compared with Si@void@C,
the newly-proposed structure introduced core-shell Si@C nanoparticles as the
yolks instead. Such extra carbon shell can not only decrease the electrical
resistance between Si yolks and hollow carbon shells but also effectively protect Si
yolks from electrolyte corrosion, i.e., the formation of Li,SiF¢ layers on Si surface
confirmed by X-ray diffraction and transmission electron microscopy. As a result,

i the Si@C@void@C electrodes exhibited remarkably enhanced reversible capacity,

R

cycling stability (~1366mAh g after 50 cycles at 500mA g'l, with a capacity
retention of ~71% with respect to the initial reversible capacity of 1910mAh g™ at
100mA g'l), and rate performance (with a capacity retention of ~60% at 4000
mAg'l). This work shows the paramount role of the inner carbon shell of
Si@C@void@C in limiting the electrolyte corrosion and probably improving the

electronic conductivity.
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We investigated the influence of the anions in ionic liquid electrolytes on the
electrochemical performance of a silicon (Si) negative electrode for a lithium- ion
battery. While the electrode exhibited poor cycle stability in
tetrafluoroborate-based and propylene carbonate-based electrolytes, better cycle
performance was achieved in bis(fluorosulfonyl)amide (FSA’)- and
bis(trifluoromethanesulfonyl)amide (TFSA’)- based electrolytes, in which the
discharge capacity of a Si electrode was more than 1000 mAh g at the 100th
cycle. It is considered that a surface film derived from FSA™- and TFSA'-based
electrolytes effectively suppressed continuous decomposition of the electrolyte. In
a capacity limitation test, a discharge capacity of 1000mAh g was maintained
even after about the 1600th cycle in the FSA'-based electrolyte, which
corresponds to a cycle life almost twice as long as that in TFSA'-based
electrolyte. This result should be explained by the high structural stability of
FSA'-derived surface film. In addition, better rate capability with a discharge
capacity of 700mAh g'1 was obtained at a high current rate of 6C (21A g'l) in
FSA'-based electrolyte, which was 7-fold higher than that in TFSA™-based
electrolyte. These results clarified that FSA™-based ionic liquid electrolyte is the

most promising candidate for Si-based negative electrodes.
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Amorphous nanosized silicon with hierarchically porous structure for

high-performance lithium ion batteries.
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Silicon is a promising alternative anode material for high-performance lithium ion
batteries (LIBs) because of its high specific capacity. However, the practical
application is still hampered by poor cycle and rate performance because of the
tremendous volume expansions/contractions during the lithium ions insertions/
extractions. Here we report a hierarchically porous silicon anode consisting of
uniformly dispersed nanoparticles with amorphous structure that has been
electrodeposited successfully on the copper foil and been utilized directly for
LIBs. The typical size of silicon particle is 100-200 nm, which is beneficial for the
fast lithium ions diffusion in a short distance. The hierarchical pores with
interconnect channels are easy for the electrolyte filling and ions transports, and
can offer sufficient space for the volume expansions of silicon anode during
lithium ions insertions. Furthermore, the amorphous feature of the silicon
nanoparticles can effectively release the stress from the lithiation-induced large
volume expansions and enhance the structure stability, which are beneficial for the
long cycling lifetime. Combing the highly conductive copper substrate, the
free-standing silicon anode shows high reversible capacity of 1200mA/g, excellent
cycling stability (1000mAh/g for 230 cycles) and outstanding rate performance
(1000 and 600mAh/g at 300 and 2000mA/g, respectively). This study may pave a
new way to develop silicon/copper composite materials as binder-free anodes for

high-performance LIBs.
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To improve the electrochemical performance of silicon-based anode material, the
silicon/carbonized polydopamine/graphene (Si/PDAC/tGo) was prepared via
pre-coating process in which graphene oxide was added and subsequent annealing
process. The silicon particles with polydopamine (PDA) layer was encapsulated
by graphene sheets due to interaction between the amine groups on PDA and the
oxygen-containing groups on graphene oxide (GO), so the aggregation of silicon
particles was hindered. The X-ray photoelectron spectroscopy (XPS) results
present that most of the oxygen-containing groups were removed and the carbon
layer contained nitrogen element. The initial coulombic efficiencies of Si/PDAC/
rGo were 83.8%, 84.3%, 83.1% at 0.1, 0.3, 0.5A g'l, respectively. The cycle and
rate performance of Si/PDAC/rGo was also enhanced ascribed to the synergistic

buffer effects of carbonized polydopamine layer and graphene sheets.
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