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Abstract: Advances in energy technologies and materials have underscored the critical importance of
preparing and modifying electrochemical energy storage materials, with nanomaterials playing an
increasingly prominent role. Among these, two-dimensional silicon nanomaterials have garnered
significant attention as a research focus. Various methods for synthesizing silicon nanosheets have been
developed, including "top-down" techniques such as exfoliation of layered silicides, delithiation of lithium-
silicon alloys, and liquid-phase exfoliation, as well as "bottom-up" approaches like epitaxial growth,
chemical vapor deposition, and magnesiothermic reduction. These techniques facilitate the controllable
fabrication of silicon nanosheets, enabling their application in diverse fields such as electrochemical
lithium storage and photocatalysis. This review provides an overview of the fundamental structure and
physicochemical properties of 2D silicon nanosheets. It highlights that multilayered silicon nanosheets,
characterized by a higher number of atomic layers, exhibit enhanced structural stability due to the reduced
presence of unsaturated atoms. However, their surface atoms remain vulnerable to oxidation. Strategies
such as surface hydrogenation and functionalization with organic groups can effectively passivate the
nanosheet surfaces, mitigating the detrimental effects of oxidation on their physicochemical properties.
Additionally, this review summarizes the characteristics and applications of various preparation methods
for 2D silicon nanosheets and outlines potential directions for future research.
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Fig. 1 Structural representation of (a) silicene and (b) graphene
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Fig. 2 Structural variations of silicon nanosheets with different atomic layersm. (a) Single-layer silicon nanosheets; (b) two-layer
silicon nanosheets; (c) three-layer silicon nanosheets; (d) crystalline silicon
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Fig. 4 Preparation process and morphology characterization of silicon nanosheets via Si-Li alloy leaching[m. (a) Preparation flowchart;
(b) - (f) SEM images of layered silicon nanoparticles; (g) TEM image of the silicon nanosheet, with the inset displaying the SAED

pattern; (h) AFM image of the obtained silicon nanosheets
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Fig. 6 STM images of silicene grown on an Ag(111) substrate *”’.

(a) Large-scale STM image; (b) silicene superstructure
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Fig. 7 (a) CVD growth mechanism and (b) - (g) morphologies at different growth stages of 2D silicon nanosheets™”
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Fig. 8 Synthesis process and morphology characterization of silicon nanosheets via magnesium thermal reduction from commercial
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