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A New Approach to Synthesis and Photoluminescence of Silicon Nanoparticles
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Abstract

We describe the synthesis and characterization of silicon nanoparticles prepared by the soluton reduction of SiCl4. These
reactions produce Si nanoparticles with surfaces that are covalently terminated. The resultant organic derivatized Si
nanoparticles as well as a probable distribution of Water-soluble Si nanoparticles are observed and characterized by
photoluminescence(PL.) spectroscopy. This work focuses originally on the organic- and water-soluble silicon nanoparticles

in terms of the photoluminescence. Further this work displays probably the first layout of hydrogen terminated Si

nanoparticles synthesized in solution at room temperature.
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1. Introduction

An exciting aspect of the research at the nanoscale
results as nanostructures hold the potential to display an
enhanced and unexpected reactivity relative to that at
the micron scale and bulk phase. Further their formation
and interactions may be accompanied by phase trans-
formations not commonly observed in bulk systems.!"!
Interest in nanoscale materials increased in recent years
with the realization that unique properties may be
obtained from otherwise ordinary materials.

Nanoscale materials are being focused, nowadays, as
a center of attraction for a great deal of intense scientific
research such as biomedical, optical, electronic fields
etc. This focus is due to the fundamental differences in
properties between nanoscale and macrolevel. The
properties of materials change as their size tend to
approach the nanoscale. The interesting and sometimes
exciting behaviors of nanoparticles are observed, partly,
due to the aspects of the surface of the material domi-
nating the properties in lieu of the bulk properties. An
investigation of the silicon nanoparticles has also dis-
played particle size dependent optical and electronic
properties. Further they are useful for biologically sen-
sitive materials and applied in optoelectronics.”) The

Ze) 2 FASEPHEANEA (Jooeun leaderstel, 921, Dunsan-dong, Seo-
gu, Daejeon, Korea)

"Corresponding author: afewkim(@nuguni.com
(Received : February 26, 2009, Accepted : March 10, 2009)

prospect of silicon possessing useful optical properties
has generated extensive speculation over the possibili-
ties of new applications for silicon. The wide availabil-
ity of silicon along with its electrical and chemical
properties has made this semiconductor the material of
choice for many electronic applications.

Here an approach has been made for the synthesis of
silicon nanoparticles by improving the solution reduc-
tion method. In particular, the use of metal naphthale-
nides has been reported as precursors to silicon
nanoparticles with subsequent surface derivatization
with organic ligands. This synthesis covers the reaction
of silicon tetrachloride with lithium naphthalenide in
tetrahydrofuran as a solvating medium to give rise to
chloride capped silicon nanoparticles that can be further
terminated by n-butyllithium as a surface-derivatization
to give butyl-capped silicon nanoparticles. In another
attempt, the production of hydrogen terminated silicon
nanoparticles is also becoming a hot issue in the area
of intense research.

To date very little investigation has been done on the
hydrogen terminated silicon nanoparticles. Hydrogen
terminated silicon nanoparticle is an attractive starting
point for the synthesis of novel modified silicon sur-
faces. In the present work, hydrogen terminated silicon
nanoparticles have been synthesized by the reaction of
lithium aluminium hydride with chloride-capped silicon
nanoparticle which being produced from silicon tetra-
chloride with lithium naphthalenide in tetrahydrofuran.
After the synthesis, the photoluminescence and stability
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of both types of silicon nanoparticles have been studied
thoroughly.

2. Experimental

2.1. Materials

Lithium, naphthalene, silicon tetrachloride (99.99%),
n-butyllithium, dichlorodimethylsilane, and lithium alu-
minium hydride (1 M in THF) were all purchased from
Aldrich. Prior to use, the solvent tetrahydrofuran was
distilled over Na/benzophenone but all other reagents
were used as received without further purification. All
sample manipulations were handled via standard inert
atmospheric techniques. Glass wares were silonated by
reaction for 1 hr with a 2% solution of (CHj3),SiCl, in
toluene followed by repeated washes with hexane and
methanol and dried overnight at 120°C.

2.2. Syntheses

The lithium naphthalenide was prepared by modifica-
tion of a literature procedure. 0.9 g of lithium (50 mmol)
into small pieces and 3.23 g of naphthalene (25 mmol)
were added in 50 mL tetrahydrofuran and stirred vigor-
ously overnight at room temperature. Dark greenish
solution was obtained. The lithium naphthalenide solu-
tion was cannulated at room temperature to a Schlenck
flask containing 1.14 g (6.7 mmol) of silicon tetrachlo-
ride in 100 mL of tetrahydrofuran with rapid stirring. It
was allowed to stir for about half-an hour. Then 6.4 mL
of n-butyllithium (2.5 M in hexane) was added in a sin-
gle amount. The stirring was continued for overnight.
Then the solvent and naphthalene were removed under
reduced pressure with heating (if necessary). The resi-
due was extracted with hexane. The extracted solution
was washed with water and the organic portion sepa-
rated out. Evaporation of the hexane layer followed by
heating in an oil bath under vacuum to remove residual
naphthalene gave out a viscous oil of silicon nanopar-
ticle with butyl surface-derivatization. The remaining
portion was washed with the distilled water, filtered and
separated out. The resulting oxidized solution was han-
dled in air. For the production of hydrogen-terminated
Si nanopatrticles, lithium aluminium hydride (LiAIH,)
solution (2.6 mL) was added via a gastight syringe at
0°C in place of n-butyl lithium. The mixture was stirred
in an ice-bath at 0°C and allowed to slowly warm up
to room temperature overnight. Remaining the proc-

esses being the same, the collected hexane layer was
clear and colorless. This hexane was removed by evap-
oration. That gives an oily residue containing Si nano-
particles surface-derivatized with hydrogen which can
be further suspended in hexane

3. Results and Discussion

3.1. Solution Reduction and Surface-derivatization

The nanoparticles were formed according to equa-
tions as follows, given in the Scheme 1. The reaction
involves the reduction of silicon tetrachloride with lith-
ium naphthalenide and the subsequent surface-derivati-
zation of the nanoparticle produced with use of an alkyl
lithium reagent and contact with water.

3.2. Organic-soluble Silicon Nanoparticles

Water is reactive to silicon and is capable of oxidizing
silicon nanoparticle surfaces. The oxygen is reactive,
too, to silicon surfaces. It is obvious that oxidation
occurs when silicon and water as well as air come into
contact with it. Tt is probable that a uniform oxide or
hydroxide shell forms on the silicon, thereby protecting
the crystalline core for a longer time. It is assumed that
the nanoparticles appear to be encased in an amorphous
material which is able to support nanoparticles. The
amorphous material solidifies when the water evapo-
rates. Exposure of silicon with lithium moieties to the
air or water may result in significant oxidation! !,

An exposure of chloro-capped silicon nanoparticle to
water results in oxide environments. The reaction of np-

THF
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Scheme 1. Synthetic Routes of Hydride-capped Si Nano-
particles.

Chn Air/Water §i ——(OH)n

Si

Scheme 2. Synthesis for hydroxyl-terminated silicon nano-
particles.
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Si/Cl, with water to form np-Si/OH suggests that
hydroxyl groups have replaced chloro-groups for termi-
nation. (Scheme 2) The loss of chloro- groups in this
reaction and the appearance of hydroxyl groups implies
that the silicon surface sites are not completely passi-
vated by Cl-groups in the np-Si/Cl, sample.

3.3. Photoluminescence Behavior

Since the discovery of visible photoluminescence
from nanometer sized silicon such as porous silicon, sil-
icon nanoparticles; silicon nanoparticles embedded in
other materials at room temperature have attracted
much attention in the study of silicon based, light-emit-
ting materials.”! It is necessary to understand their lumi-
nescence processes in order to expose their potential for
applications in optoelectronics. However, owing to their
low stability and reproducibility, porous silicon devices
still seem to be very difficult to use in the industry.
Therefore it is important to clarify the stability of the sil-
icon nanoparticles and their surfaces believed to be
responsible for blue-luminescence. Pure silicon nano-
particles do not exhibit photoluminescence because they
have dangling bonds on their surfaces.!) PL emission
spectra were taken from samples dissolved in n-hexane
and water.

The photoluminescence spectra were measured at
room temperature. The present synthesis produces a
size distribution of which the photoluminescence spec-
tra are inhomogeneously broadended. One manifesta-
tion of quantum confinement in such a system is a
monotonic shift of the photoluminescence as the exci-
tation wavelength is changed. This results from the
excitations of different sizes of nanoparticles that have
different optical transition energies.”! Tt has been sug-
gested that the blue-green luminescence is due to a par-
ticularly small size of the particles, where strong
quantization of the electronic levels occurs, and that the
red-orange luminescence is caused by larger particles
which are less quantized. The PL of the Si nanocrystals
was found to be remarkably stable in terms of the sen-
sitivity of the nanoparticle core to the surface chemistry
in the case of porous silicon.

The photoluminescence is considered to be the size
dependent, with the larger particles emitting lower
energy light than the smaller particles, regarding with
the general concept of quantum confinement effects in
silicon. The PL was found to depend on the excitation
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Fig. 1. PL spectra of of organic-soluble and water-soluble
silicon nanoparticle derived from n-BuL.i.

wavelength yielding the sharpest PL. Fig. 1 shows PL
spectra of organic-soluble and water-soluble silicon
nanoparticle derived from n-BuLi.

4. Conclusions

The surface-derivatization of silicon nanoparticle pro-
duced by reaction of the lithium naphthalenide with sil-
icon tetrachloride has been investigated. Hydrogen-
terminated silicon nanoparticles can be, too, synthesized
by reacting lithium naphthalenides with silicon tetra-
chloride and further with lithium aluminium hydride.
The samples studied are the organic and water-soluble
silicon nanoparticles. This method is unique in being
able to produce in a limited amount of silicon nanopar-
ticles with brighter and visible photoluminescence. We
can arrive at a conclusion that n-butyllithium and lith-
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ium aluminium hydride serve as effective ligands for
surface-derivatization for the synthesis of butyl-capped
and hydrogen-capped silicon nanoparticles respectively.
Probably stable, significantly terminated and photolu-
minescent silicon nanoparticles can be produced in
room temperature as a bench reaction. Summing up, the
Si nanoparticles have been investigated in order to
understand the role of the surface in the UV-blue pho-
toluminescence.

References

[1] A. Henglein, “Small-particle research: physicochem-
ical properties of extremely small colloidal metal and
semiconductor particles”, Chem. rev. 89, p. 1861,
1989.

[2] M. L. Steigerwald and L. E. Brus, “Semiconductor

crystallites : a class of large molecules”, Acc. Chem.
Res. 23, p. 183, 1990.

[3] L. Brus, “Chemical approaches to semiconductor
nanocrystals”, J. Phys. Chem. 98, p. 3575, 1994.
|4] J. H. Song and M. J. Sailor, “Reaction of photolumi-
nescent porous silicon surfaces with lithium reagents
to form silicon-carbon bound surface species”, Inorg.

Chem., 38, p. 1498, 1999.

5] Y. Zhu, H. Wang and P. P. Ong, “Preparation and
thermal stability of silicon nanoparticles”, Appl. Surf.
Sci. 171, p. 44, 2001.

[6] T. Mizuta, D. Takeuchi, Y. Kawaguchi, and T.
Makimura, “Fabrication of Er-dopped Si nanoparti-
cles without thermal quenching 1.5 pm photolumi-
nescence”, Appl. Surf. Sci. 197, p. 574, 2002.

[7]1 Q. Liu and S. M. Kauzlarich, “Synthesis and charac-
terization of Sn/R, Sn/Si-R, and Sn/SiO 2 core/shell
nanoparticles”, Mater. Sci. Eng. B 96, p. 75, 2002.

J. Chosun Natural Sci., Vol. 2, No. 1, 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


