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Figure 1 Solid-state synthesis and catalytic performance of Co@Si SAC. (a) Schematic illustration of the major steps of the synthesis; (b) time-
dependent CO production performance of SACs with various Co concentrations; (¢) comparison of catalytic reduction products by SACs with various
Co loading ratios and the control samples (Co@SiO,, Co powder, Co;0, powder, with*); (d) TON results and production ratio on CO production with
various Co concentrations; (¢) comparison of metal loading capacity and EQE values between the SACs and the reported heterogeneous photocatalysts
[47] (color online).
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Figure 2 Design, synthesis and luminescent properties of GSO phosphors. (a) Structural design of multi-component tunable-color GSO phosphors;
(b) three-dimensional fluorescence matrix spectra of GSO; (c) PL lifetime decay curves of GSO and SiO,; (d) PL lifetime of GSO at low temperatures;
diagram of the proposed energy levels of GSO at (¢) 298 K and (f) 500 K; (g) temperature-dependent PL spectra at high temperatures; (h) temperature-
dependent CIE chromaticity diagram for the PL of GSO from 300 to 500 K [74] (color online).
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Figure 3 Surface chemistry and applications of SiNC-based CSPs. (a) Two-step hydrosilylation/Schiff base functionalization of SiNC and involved
ligands; (b) PL properties and crystal structure of SINC before and after reaction; (c) representative live OCI-AML-2 cell images after 24 h incubation
with A-SiNCs (scale bar = 10 um); (d) representative microscopy images of live OCI-AML-2 cells incubated with different AA concentrations; (e)
quantitative correlation between the emission fluorescence enhancement of cells and initial AAs feed in Figure 4d; (f) live cell responsive manner of A-

SiNCs in OCI-AML-2 cells [98] (color online).
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Figure 4 Direct arylation on silicon surfaces via HDDA reactions. (a)
Design of direct arylation on Si—H bonds using HDDA strategy, where
R1 is n-butyl or 4-fluorophenyl, and R2 is methyl or para-
trifluoromethylphenyl; (b) photographs of toluene solution samples of
H-SiNC and Ar1-SiNC under visible light (Vis) and 365 nm ultraviolet
(UV) irradiation; (c) PL spectra of surface-functionalized SiNC and (d)
corresponding PL lifetime decay curves [113] (microsecond scale: C8-
SiNCs; nanosecond scale: Arl, Arl-SiNCs, and ML-SiNCs) (color
online).
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Figure 5 Comparison of the photophysical properties of SINC functionalized with hydride and alkoxy groups. (a) Structral models, (b) steady-state
fluorescence spectra, (c) fluorescence lifetime decay spectra, and (d) ultrafast transient absorption spectra of octanol and octene functionalized SINC

(C80-SiNC and C8-SiNC) [123] (color online).
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Advance in solid-state synthesis and surface chemistry of silicon
nanocrystals
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Abstract: Silicon nanocrystals benefit from natural abundance, remarkable stability, tunable chemical and physical
properties, and excellent biocompatibility. These features make them vital in various research and industrial fields,
including semiconductor industry, optoelectronic energy conversion, and biomedicine. The preparation of structures
with special functions through controllable synthetic approaches and subsequent functionalization of materials are key
approaches to advancing the fundamental understanding and applications of silicon nanocrystals. In this paper, we
systematically review recent developments in the synthesis, surface chemistry, and applications of silicon nanocrystals
based on the latest research findings of our research team. We discuss the brief history of the research on silicon
nanocrystals, the structure-property relationships and common scientific issues in silicon materials chemistry,
highlighting the applications of silicon nanocrystals in light emission, low-carbon technologies, and the biomedical
fields. Finally, we analyze our results to identify current challenges and propose future research focuses on the physical
and chemical mechanisms, common principles, and universal reaction rules.

Keywords: silicon nanocrystals, solid-state synthesis, surface chemistry, optoelectronic devices, photocatalysis,
photoluminescence
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