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This article describes the synthesis procedure of colloidal silicon quantum dot (Si QDs) from rice husk ash. The silicon quantum
dots were capped with 1-octadecene by thermal hydrosilylation under argon gas to obtain octadecyl-Si QDs (ODE-Si QDs). The
size separation of ODE-Si QDs was examined by the column chromatography method, which used silica gel (40-63 ym) as the
stationary phase. Finally, we obtained two fractions of silicon quantum dot, exhibiting blue emission (B-Si QDs) with an average
size of 2.5 + 0.73 nm and red emission (R-Si QDs) with an average size of 5.1 + 0.68 nm under a UV lamp (365 nm). The PL spectra
of B-Si QDs and R-Si QDs samples show maximum peak energy at 410 nm (3.02 eV) and 700 nm (1.77 eV), respectively, while the
quantum yield of Si QDs decreases from 5.8 to 34.6% when the average size decreases from 2.5 nm to 5.1 nm. The above results of

PL emission spectroscopy and UV-vis absorption show quantum confined effect in Si QDs.

1. Introduction

Colloidal semiconductor silicon nanocrystals or quantum
dots of the IV group have received much attention for
applications because the size-dependent optical and elec-
tronic properties of silicon semiconductor nanocrystals play
a key role in various applications such as solar cells, bio-
imaging, and light-emitting devices [1-3]. Although the
quantum vyield of silicon quantum dot is lower than the
quantum yield of C-dots from biomass, the Si QDs play a key
role in various applications such as Li-ion battery, bio-
imaging, and light-emitting devices [4]. Moreover, silicon is
one of the few elements that is nontoxic, earth-abundant,
and environmentally friendly. Herein, recent achievements
in the synthesis of colloidal Si QDs in terms of controlling
the particle size and size distribution and achieving surface
modifications make the Si QDs even more promising for the
application. Colloidal Si QDs have been synthesized by
chemical reduction methods using reducing agents, such as
LiAlH, [5] and sodium naphthalene [6], or by physical
methods, such as the thermal processing of hydrogen sil-
sesquioxane [7-9], ion implantation [10], and vacuum
evaporation [11]. Unfortunately, these methods have some
problems. In the physical and chemical reduction methods,

the cost of synthesis is much too high. In chemical reduction
methods using reducing agents, the spectrum of color of
colloidal Si QDs is obtained with only blue or green color
due to defect states on the surface of SiQD. Hence, the
investigation of the method of synthesis to provide Si QDs
with a minimization of the cost of synthesis, while enabling
size control, is of interest. There are some groups reporting
the synthesis of Si NCs@SiO, by reduction of silica nano-
particle (SiO, NPs) using Mg powder [12]. The main ad-
vantage of this synthesis method is that it endows easier
experimental conditions and more size controllability
compared to the previous chemical and physical methods.
They report the first synthesis of SiO, NPs by a combination
of using both the microemulsion of reverse micelles and
reduction using Mg powder. These two kinds of synthetic
steps were developed independently in the fields of SiO, NP
and Si NCs synthesis. To investigate how the concentration
of water affects the size of SiO, NPs in our synthetic pro-
cedure, they used different volumes of water (1 ml and 4 ml)
without changing the components. The Si NCs sizes ob-
tained by reduction SiO, NPs using Mg powder were
20+£2.09nm (for 1 ml water) and 10.66 + 1.66 nm (desig-
nated Si-2, for 4 ml water) [12]. Therefore, they can adjust
the size of Si QDs by controlling the size of SiO, NPs.


mailto:lethuhuong@tlu.edu.vn
https://orcid.org/0000-0001-5529-6804
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/6689590

However, most of the studies often use TEOS source and
surfactant Brij to synthesize silica [13]. These methods are
quite expensive and only stops at the experimental scale,
thus limiting the application of silica nanoparticle material.
Rice husk ash is one of the richest silica materials about 90%
in volume [12], so it is an ideal source of materials to
synthesize SiO, NPs materials. Besides, now, Vietnam is one
of the world leaders in rice production. In 2019, Vietnam’s
rice output is about 60 million tons/year and the amount of
rice husk ash is about 20 million tons/year. Therefore, the
investigation of the method of synthesis to provide colloidal
Si QDs from rice husk ask with a minimization of the cost of
synthesis is still in demand. To respond to this issue, we
report the synthesis of silica nanoparticle from rice husk ash;
then, Si NCs@SiO, was obtained by magnesiothermic re-
duction silica nanoparticle (SiO, NPs) [12]. The chemical
etching method was applied to obtain the hydrogen-ter-
minated silicon quantum dot (H-Si QDs), which was
functionalized by 1-octadecene at 150°C for 15 hours. The
crystal and nanoparticle structure of Si NCs@SiO, and
colloidal silicon quantum dot were investigated by X-ray
diffraction (XRD) spectra, high-resolution transmission
electron microscopy (HR-TEM), and selected area electron
diffraction (SAED). The optical properties of colloidal silicon
quantum dot were estimated by ultraviolet-visible (UV-vis)
absorption and photoluminescence spectroscopy (PL).

2. Materials and Methods

2.1. Chemicals and Materials. All chemical reagents, in-
cluding toluene (anhydrous, 99.8%) and 1-octadecene
(CH3(CH,),5CH = CH,, 95%), were purchased from Sigma-
Andrich. n-Hexane (C¢H,4, 95%), acetone, and chloroform
(CHCIs, 99.7%) were purchased from Dae-Jung (South
Korea); magnesium (NH,OH, 25%) was purchased from
Acros organic; and hydrofluoric acid (HF, 48-51%) was
purchased from Baker, respectively. Hydrochloric acid (HCI,
36%, d=1.18g/l), ammonia solution (NH3, 25%), sodium
hydroxide (NaOH), and silica gel (40-63 yum) were pur-
chased from Merck Company of Germany. In our experi-
ment, the rice husk ash (RHA) was obtained from Me village,
Bac Giang province, Vietnam.

2.2. Synthesis of Silica Nanoparticles (SiO, NPs) from Rice
Husk Ash. SiO, NPs from RHA were synthesized following
the procedure of Sankar et al. [14] with some modifications
(Scheme 1). The rice husk ash (RHA) was ground and sifted
through a sieve with a hole size of about 0.1 mm to create
smoothness powder. 500 ml HCI 1 M was added into 50 g
RHA powder and stir overnight to remove residual metal
and metal oxide in RHA. Then, RHA powder was collected
by vacuum filtration and was put in the furnace at 600°C for
2 hours to remove carbon and some residual organic in the
RHA. 45 g RHA powder was stirred with 50 ml of NaOH 3 M
at 100°C for 4 hours and then filtered to obtain a transparent
solution. The solution HCI 3 M was added to this solution by
sonication for 2 hours until pH equals 7. The mixture
appeared as a white precipitated powder. The precipitated
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powder was filtered and washed with distilled water. A white
powder was dried at 100°C in the forced air oven for 12
hours. Finally, the obtained product was SiO, NPs white
powder. The materials and methods section should contain
sufficient detail so that all procedures can be repeated. It may
be divided into headed subsections if several methods are
described.

2.3. Synthesis of Silicon Nanocrystal by Magnesiothermic
Reactions. Previously, some groups have synthesized silicon
nanocrystal by using magnesiothermic reduction methods
[12]. Magnesiothermic reduction offers a straightforward
way to convert silica (inexpensive and the most stable source
of Si) into elemental silicon while retaining silica particle
morphology. Nevertheless, the massive heat release from the
exothermic reaction (Mg + SiO, — Si + MgO,
AH = -586.7 k]/mol silica) [15] collapsed the structure of
SiO, NP and agglomerated silicon crystal into the larger
crystal. In this report, the SiO, NPs powder (0.60 g, 0.01 mol
w.r.t Si content), sodium chloride (6g), and magnesium
powder (0.5g, 0.22) were mixed and ground together
manually to give a grayish brown-colored powder and then
heated at 670°C for 15 hours under an argon atmosphere in a
quartz tube furnace. The use of NaCl as a heat scavenger
during the reduction process (Mg+ SiO, — Si+MgO)
prevents the structure from collapsing and aggregation into
the larger crystal of the silicon domain. The resulting dark
brown-colored powder product was washed by water to
remove NaCl and treated with 20 ml hydrochloric acid for 12
hours to remove Mg remaining, Mg,Si, and MgO. A brown
precipitate was obtained by vacuum filtration. And then the
solid was washed with distilled water until the washings
resulted in a neutral pH (ca. 7). The powder was then washed
with ethanol (30 mL) and acetone (3 x 30 mL) and air-dried
to yield oxide-coated Si NCs (Si NCs@SiO,). Finally, the Si
NC@SiO, was obtained as a brown powder.

2.4. Synthesis of Colloidal Si QDs. The hydride-terminated
silicon quantum dots (H-Si QDs) were synthesized from Si
NCs@SiO, (0.4g) powder by using the chemical etching
method [15]. Firstly, Si NCs@SiO, (1g) powder was dis-
persed in a mixture of 50 ml HF (48%) and 20 mL ethanol,
which was then sonicated for an additional 6h at room
temperature to remove silicon oxide layers. After completing
the etching process, hydride-terminated Si QDs were iso-
lated by extraction with 20ml of anhydrous toluene and
centrifuged using 1200 rpm speed centrifuge for 5 min. After
centrifugation, the toluene supernatant was decanted,
leaving H-Si QDs. The H-Si QDs were washed with ethanol
to remove the remaining HF. Then, 10 ml of 1-octadecene
was added to H-Si QDs (Scheme 2). The reaction mixture
was degassed by three cycles of evacuation and purging with
argon and then heated at 150°C for 15 hours. After the
thermal functionalization, the reaction mixture was filtrated
to yield a clear, bright yellow. Next, all solvents were re-
moved at 40°C under reduced pressure by using a rotary
evaporator. To remove the remaining molecules 1-octade-
cene, the product was washed three times by precipitation
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ScHEME 1: Synthetic procedure of silica nanoparticles (SiO, NPs) from rice husk ash.

with acetone as an antisolvent and dispersed in toluene as a
solvent. The product was obtained as a yellow resin after the
evaporation of the toluene solvent. The size separation of
ODE-Si QDs was examined by the column chromatography
method, which used silica gel (40-63 ym) as the stationary
phase. The ODE-Si QDs were dissolved in n-hexane and
introduced into the silica gel column. Size separation was
carried out with mixtures of n-hexane/chloroform (3/1, v/v)
and 100% chloroform. The fractions exhibiting emission of
different colors under a UV lamp (365 nm) were collected,
and the solvent was removed using a rotary evaporator.
Finally, we obtained two fractions of Si QDs, exhibiting blue
(B-Si QDs) and red emission (R-Si QDs) under a UV lamp
(365nm) (Scheme 3).

2.5. Characterizations. X-ray diffraction (XRD) spectra of Si
NC@S§iO, powder were obtained using a D8 Advance
(Bruker, Germany) and D5005 (Siemens, Germany). FT-IR
spectroscopy was performed on a Spectrum 400 (Perki-
nElmer, USA) to obtain the IR spectra of the Si QDs. The
scanning electron microscopy was performed with S-4800
(SEM, Hitachi). High-resolution transmission electron
microscopy (HR-TEM) was performed with a JEOL JEM-
2100F operated at 200kV. UV-vis absorption spectra were
obtained on an S-3150 UV-vis spectrometer (SCINCO,
Korea). Photoluminescence (PL) spectroscopy was per-
formed on an iHR320 Hiroba spectrometer (Hiroba, Japan)
light source at the excitation wavelength of 290 nm with a
3 nm slit width and emission monochromators to investigate
the quantum yield of B-Si QDs was determined by com-
parison with quinine sulfate, whose quantum yield is known
to be 55% in 0.05 M H,SO,. The quantum yield of R-Si QDs
was determined by comparison with rhodamine 6 G, whose
quantum vyield is known to be 94% in ethanol at the exci-
tation wavelength of 480 nm with a 3 nm slit width for both
excitation and emission monochromators.

3. Results and Discussion

Figure 1(a) shows the scanning electron microscopy (SEM)
image of the SiO, NPs sample. The average sizes of the SiO,
NPs are about 100 nm. The SEM image clearly shows that the
particle of the SiO, NPs sample is formed, and their size
distribution is broad. Moreover, the SEM results of the SiO,
NPs sample show that many particles aggregate to form a
block with a porous structure.

The diffraction pattern of the SiO, NPs in Figure 1(b)
shows a widened peak of about 20=20-25°". These X-ray
diffraction (XRD) results indicate that the high percent of
SiO, NPs were an amorphous phase [14].

Figure 2(a) shows the transmission scanning electron
microscopy (TEM) image of Si NC@SiO, after magnesio-
thermic reduction. The TEM image (Figure 2(a)) of Si NC@
SiO, clearly shows nanoparticles with wide sizes from 2 to
10 nm. However, the crystal structure of Si NC@SiO, did not
obtain in the TEM image (Figure 2(a)) due to SiO, layer,
which covers all the surface of silicon nanocrystal. Moreover,
X-ray diffraction (XRD) patterns of the Si NC@SiO, powder
shown in Figure 2(b) exhibit a peak at 26 of 28.3, 47.3, 56.1,
and 69.1, which are well matching with the three charac-
teristic peaks diffracted from the <111>, <220>, <311>, and
<400> lattice planes of the diamond cubic silicon crystal
[16].

The bonding of 1-octadecene on the surface of Si QDs
was confirmed by the FT-IR (Figure 3). For three samples,
the alkyl group on surface Si QDs including the asymmetric
stretching, symmetric stretching, and in-plane bending or
scissoring of the -CH,- groups were obtained at 2917.1 cm™’,
2847.7cm ™", and 1372.5cm™" [17]. The peak at 1466.5cm™"
is attributed to the symmetric bending vibration of a Si-C
bond, confirming the formation of the Si-C covalent bond
between the Si QDs and octadecyl groups [17].

A purification procedure was necessary to obtain clear
TEM images and ensure the samples were free of impurities
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FIGURE 1: Scanning electron microscopy (SEM) image of SiO, NPs (a) and powder X-ray diffraction pattern of SiO, NPs (b).
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FIGURE 2: Transmission electron microscopy (TEM) image of Si NC@SiO, (a) and powder X-ray diffraction pattern of Si NC@SiO, (b).
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before optical characterization. In our synthesis process, the
firstly size-selective precipitation method applied, in which
the product was washed three times with acetone as an
antisolvent and dispersed in toluene, was used for the pu-
rification of the ODE-Si QDs to purify residual 1-octadecene
and narrow their size distribution; however, this purification
process did not completely separate ODE-Si NCs of different
sizes, as shown in the TEM image of ODE-Si NCs (Figure 4),
and size distribution exhibited two main sizes of about
2.0-3.0nm and 5.0-6.0 nm. Hence, ODE-Si QDs were pu-
rified more by column chromatography. Size separation was
carried out with a mixture of n-hexane/chloroform (3/1, v/v)
and 100% chloroform. Finally, we obtained two fractions of
Si QDs, exhibiting blue (B-Si QDs) and red emission (R-Si
QD) under a UV lamp (365nm). Figure 5 shows the
transmission scanning electron microscopy (TEM) images
of B-Si QDs and R-Si QDs. The TEM images of the two
samples clearly show highly spherical dots with average sizes
of 2.5+0.73nm for B-Si QDs and 5.1 +0.68 nm for R-Si
QDs-5min samples. Meanwhile, selected area electron
diffraction (SAED) shows the d-spacing for (200) Miller
indices of 2.7 A [18]. Therefore, the B-Si QDs and R-Si QDs
are the diamond crystal structure.

The optical properties of one Si QDs were investigated by
PL emission spectroscopy and UV-vis absorption, as shown in
Figure 6. The photoluminescence spectrum was obtained
using excitation at 290 nm at room temperature in air, as
shown in Figure 6. The photoluminescence spectrum of ODE-
Si QDs (black line) showed two intense emission bands at
around 410 nm and 700 nm, corresponding to the presence of
two size regions in agreement with the TEM results men-
tioned above (Figure 4). The TEM images of ODE-Si QDs
(Figure 4) before size separation by column chromatography
show size distribution exhibited two main sizes of about
2.0-3.0 nm and 5.0-6.0 nm. After purification of ODE-Si QDs
by column chromatography, we obtained two fractions
exhibiting blue (B-Si QDs) and red emission (R-Si QD) under
a UV lamp (365 nm) (Scheme 3). The PL spectra of the B-Si
QDs sample (blue line) with an average size of 2.5nm
(Figure 6) show maximum peak energy at 410 nm (3.02¢eV)

while the PL spectra of R-Si QDs sample (red line) average
size of 5.1 nm (Figure 6) show maximum peak energy at
700 nm (1.77 eV). The onset of the UV-vis absorption spec-
trum (Figure 6) was red-shifted from 350 nm (B-Si QDs in
hexane) to 400 nm (R-Si QDs in hexane). The above results of
PL emission spectroscopy and UV-vis absorption show that it
is possible size separation of colloidal Si QDs obtain from rice
husk ash by column chromatography. However, the PL
spectra and TEM measurements of B-Si QDs and R-Si QDs
show maximum peak energy at 410nm (3.02eV, blue
emission) with average sizes of 2.5+0.73nm and 700 nm
(1.77 eV, red emission) with average sizes of 5.1 +0.68 nm,
which blue-shift compared with the reports from Yu et al. and
Liu et al. [19, 20]. Alternatively, there have been some sug-
gestions that such a blue PL emission of the Si QDs originates
from their defect states on the surface [21, 22]. In particular,
Dasog and Veinot et al. demonstrated that the blue lumi-
nescence can be induced by contaminating red-luminescent
Si QD that even follows the quantum confinement effect, by
introducing oxygen and nitrogen impurities on the QD
surface under oxidative air condition. Dasog et al. concluded
that the oxygen and nitrogen impurities probably give surface
defect states acting as trap states for the exciton, resulting in
the blue luminescence and low quantum yield [21]. Fur-
thermore, Fuzell et al. studied the exciton dynamics of the
blue luminescence-directed Si QD from the red-luminescent
Si QD, concerning the trap states using ultrafast transient
absorption spectroscopy [22]. Hence, in this report, we
suggested that the oxygen impurities remain on the surface of
B-Si QD and R-Si QD. The existence of oxygen on the surface
of Si QD could give surface defect states lead to PL emission of
Si QDs shows blue-shift compared with the reports from Yu
et al. and Liu et al. [19, 20]. Even though PL emission of B-Si
QD and R-Si QD shows blue-shift compared with other
reporters [19, 20]. The results of PL emission spectroscopy
and UV-vis absorption of R-Si QD still red-shifted compared
with B-Si QD, with increasing average sizes of Si QD. Based
on these results, we suggest that the emission energy gaps
were increased as the size decreased attributed to the quantum
confinement effect in Si QD.
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The quantum yield of colloidal R-Si QDs and B-Si QDs
was determined through the relative approach using the

relationship [23]
IN[(AN\(n
O == _r _s R 1
~of) %)) 8

where @, and ©, are the fluorescent quantum yield of B-Si
QD, R-Si QDs, and reference compound; I; (Ip=0.487,
Ir= 161) and I, (Iquinine sulfate = 2:62, Ithodamine 6G = 4.51)

are integrated fluorescence intensity of sample and ref-
erence compound; A, (Ap=0.02, Ar=0.042) and A,
(Aquinine sulfateZO-O]-l’ Arhodamine 6G:0042) are the ab-
sorbance at the excitation wavelength of B-Si QDs
(exc=350nm), R-Si QDs (exc=480nm), and reference
compounds, 1 (n-hexane, ns = 1.375), ethanol (n,=1.36),
and n, (water, n,=1.33) are the refractive index of the
solvent. The absorbance was kept very low and a series of
concentrations were examined to avoid any self-absorp-
tion or other nonlinear effects. The PL quantum yield
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(QY) of B-Si QDs (Figure 7(a)) was determined by
comparison with quinine sulfate, whose quantum vyield is
known to be 55% in 0.05 M H,SO, to be 5.8% [23]. The PL
quantum yield (QY) of the R-Si QD (Figure 7(b)) was
determined by comparison with rhodamine 6G, whose
quantum yield is known as 95% in ethanol to be 34.6%
[23]. The results of quantum yield and FE-TEM show that
the quantum yield of Si QD decreases from 34.6% for R-Si
QD with average sizes of 5.1 +0.68nm to 5.8% for B-Si
QDs with average sizes of 2.5+ 0.73 nm. As Ozin’s group
has reported that the absolute quantum yield and lifetime
of photoluminescence of allylbenzene-capped silicon
nanocrystal are a function of size [24], the absolute
quantum yield was found to monotonically decrease with
decreasing nanocrystal size, which implies that non-
radiative vibrational and surface defect effect overwhelms
spatial confinement effect that favors radiative relaxation
[24]. Alternatively, their results showed that Si NC with an
average size of ~2.0 nm has a quantum yield of 38%. In our
report, the quantum yields of B-Si QDs (average size of
~2.5+0.73nm) and R-Si QDs (5.1 £0.68 nm) are 5.8 and
34.6%, respectively, which are lower compared with the
reports from Mastronardi et al. [24]. Furthermore, the
surface curvature of silicon nanocrystal increases with
decreasing particle size, resulting in lower surface group
density, it is likely that oxidative species can more easily
reach the surface of the small nanoparticle. Therefore, we
suggested that the defect surface of Si QD increases with
decreasing size would also be expected to contribute to the
decrease observed in the quantum yield.

The optical gaps of the B-Si QDs and R-Si QDs were
estimated using Tauc plots of (ahv)” versus hv as shown in
Figure 8, in which «, h, and v are the absorption coefficient,
Planck constant, and frequency, respectively. The »n value
was taken as 2 since our Si QDs were assumed to have direct
band gap characteristics [18]. The optical gaps of B-Si QDs
and R-Si QDs were estimated as 4.4 and 4.2 eV, respectively,

as shown in Figure 6 while PL max is approximately 410
(3.02eV) and 700nm (1.77eV). The difference between
absorption and emission energies is termed Stokes shift
(Table 1). As shown in Table 1, two samples of Si QD (B-Si
QDs and R-Si QDs) show size-independence Stokes shift.
And the R-Si QDs sample shows a larger Stokes shift than
B-Si QDs. There have been some suggestions that the
structural relaxation in the excited state of Si QD induces
Stokes shift, which varies with the particle size, the degree of
surface passivation, and the nature of the passivation species
[25, 26]. In particular, Pavesi and Turan demonstrated that
the dependence of the Stokes shift from the H-Si NC size
qualitatively agrees with the results of the calculations [26].
The Stokes shift decreases when H-Si NC size increases in a
small size range from Si;H, to SijoH;6. The dependence of
the Stokes shift from Si NC size qualitatively agrees with the
calculations of Zhang et al. [25-27]. Alternatively, Puzder
et al. have been determined that, in silicon nanoclusters, the
value of Stokes shifts is extremely sensitive to the size,
surface structure, and chemistry of the nanocrystal. The
Stokes shift results of silicon clusters (size from 1 to 1.8 nm)
with Si= O bond to the surface show size independence [27].
As the discussion above, the quantum yields of B-Si QDs
(average size of ~2.5+0.73nm) and R-Si QDs
(51+£0.68nm) are 5.8 and 34.6%, respectively, which are
lower compared with the reports from Mastronardi et al.
[24]. Therefore, we suggested that the defect surface of Si QD
increases with decreasing size would also be expected to
contribute to the decrease observed in the quantum yield.
Also, the PL spectra of B-Si QDs with the average size of
2.5+0.73nm show blue emission at 410nm (3.02eV).
However, Yu et al. reported that alkyl capped Si NC with an
average size of 2.5nm had red emission at 652nm (1.9eV)
[19]. PL emission of B-Si QDs shows a larger blue-shift
compared with the result of Yu et al. reported due to the
existence of oxygen on the surface of Si QD while PL spectra
of R-Si QDs is maximum peak energy at 700 nm (1.77 eV)
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TaBLE 1: Absorption and emission gaps and Stokes shift.

Sample Absorption (eV) Emission (eV) Stokes shift (eV)
B-Si QDs 4.40 3.02 1.38
R-Si QDs 4.20 1.77 2.43

red emission with the average size of 5.1+0.68 nm which
shows a small blue-shift compared with the reports from Yu
et al. and Liu et al. [19, 20]. Hence, the difference between
absorption gap and emission gap of B-Si QDs (Stokes shift)
is smaller than R-Si QDs.

4. Conclusions

In conclusion, colloidal silicon quantum dots (Si QDs) with
different size and emission color were synthesized from rice
husk ash. Size separation of Si QDs was carried out with a
mixture of n-hexane/chloroform (3/1, v/v) and 100%
chloroform. Finally, we obtained two fractions Si QDs,
exhibiting blue emission (B-Si QDs) with average sizes

2.5+0.73 nm and red emission (R-Si QD) with average sizes
51+0.68nm under a UV lamp (365nm). TEM measure-
ments and photoluminescence results provided evidence of
the quantum confinement effect in the Si QD. The PL spectra
of B-Si QDs and R-Si QDs samples show maximum peak
energy at 410nm (3.02eV) and 700nm (1.77 eV), respec-
tively, while the quantum yield of Si QDs decreases from 5.8
to 34.6% when the average size decreases from 2.5 to 5.1 nm.
The above results of PL emission spectroscopy and UV-vis
absorption show quantum confined effect in Si QD.
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