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Abstract — Silicon nanoparticles have attracted a great deal of scientific interests due to its intense photoluminescence
in the visible spectral region and its potential applications in biological fluorescence maker, RGB (red, green, blue) dis-
play, photonics and photovoltaics etc. Practical applications making use of optical and physicochemical properties of Si
nanoparticles requires an efficient synthetic method which allows easy modulation of their size, size distribution as well
as surface functionalities etc. In this study, a one-pot solution reduction scheme is attempted to prepare alkyl-terminated
Si nanoparticles (<10 nm) with Si precursors, (Octyl)SiCl; or mixture of (Octyl)SiCl; and SiCl,, containing alkyl-groups
using Na(naphthalide) as reducing agent. The surface capping of Si nanoparticles with octyl-groups as well as Si nano-
particle formation was achieved in one-pot reaction. The hexane soluble Si nanoparticles with octyl-termination were in the
range of 2-10 nm by TEM and some oxide groups (Si-O-Si) was present on the surface by EDS/FTIR analyses. The optical
properties of Si nanoparticles measured by UV-vis and PL evidenced that photoluminescent Si nanoparticles with alkyl-ter-
mination was successfully synthesized by solution reduction of alkyl-containing Si precursors in one-pot reaction.
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Fig. 1. Reduction scheme with sodium naphthalide followed by ter-
mination.
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Fig. 2. One-pot reduction scheme with sodium naphthalide without
termination step.
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Table 1. Detail compositions for solution reduction synthesis of octyl-
terminated Si nanoparticles

Chemicals g mmol mL Yield, %%
1) (Octy])SiCl4
Na? 046  20.17 -
Naphthalene 233 18.17 - 82.6
1,2-Dimethoxyethane - - 50
(OctyD)SiCl, 1.50 6.06 -
1,2-Dimethoxyethane - - 180
2) (Octy])SiCl; + SiCl,
Na? L1l 4845
Naphthalene 5.69 44.41 70.5
1,2-Dimethoxyethane - - 120
(OctyD)SiCl, 1.00 4.04 -
SiCl, 1.37 8.06 -
1,2-Dimethoxyethane - - 120

Reaction temperature/pressure = RT/1 atm.

9Used slightly excess than stoichiometric amount over Naphthalene due to
metal purity.

YYield, %=(isolated product weight)/(theoretical stoichiometric product
weight)x100.
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Fig. 3. HRTEM images of SiNPs obtained from reduction of (a)
(OctyD)SiCl; and (b) mixture of (Octyl)SiCl; and SiCl,. (c) EDS
spectrum of SiNPs from (Octyl)SiCl;, and (d) photographs
of dried and n-hexane re-dissolved octyl-terminated SiNPs
obtained from (left set) (Octyl)SiCl; and (right set) mixture
of (Octyl)SiCl; and SiCl, respectively.
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Fig. 4. FTIR spectra of octyl-terminated Si nanoparticles.
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Fig. 5. UV-vis and PL spectra of octyl-terminated Si nanoparticles
dissolved in n-hexane (solid line: (Octyl)SiCl;, dotted line:
(OctyD)SiCl; + SiCly).
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