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Abstract. This paper focuses on the sol-gel synthesis of SiO2 nanoparticles for solar
cells. The prepared samples were characterized by Fourier transform infrared (FTIR) spectroscopy, dynamic light scattering (DLS), fluorescence (FL) spectroscopy and scanning electron microscopy (SEM). Fourier transform infrared spectroscopy studies revealed the presence
of Si-O-Si stretching vibration bonding at 1093, 798 and 459 cm−1 . SEM micrograph showed
nearly irregular SiO2 nanoparticles. The calculated average particle diameter was 192 nm by
DLS technique. The FL spectrum shows an emission band at 644.8 nm in the visible range
and two broad excitation peaks at 359 and 718 nm. The optical and morphological properties
of the as-prepared SiO2 nanoparticles are presented.
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1.

Introduction

In solar cells, enhancement of photon absorption and generation of charge carriers are the
primary needs. Therefore, nanomaterials (such as nanorods, nanoparticles, ultrathin film and
gratings) have been demanded due to their significant properties which can boost the conversion
efficiency of the solar cells [1-4]. Similarly, the oxide materials are useful in the various applications such as piezoelectric devices, fuel cells, fabrication of electronic device, antireflection
coating, sensors and catalysts [5]. In photovoltaic (PV) technology, nanomaterials have been
found promising for the light harvesting in the visible spectral region, a fact which is due to the
improved electron mobility as a result of fast charge carrier generation [6-9]. TiO2 nanoparticles
have been used in solar cells applications owing to their unique physical and chemical properties. Besides the TiO2 nanoparticles, SiO2 nanoparticles have also been used in solar cells as
anti-reflection coating materials. This materials is also known to have excellent electrical and
optical properties and, therefore, was used in the fabrication of sensors, piezoelectric device,
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fuel cell, antireflection coating, catalysts as well [10]. Mahyar et al. [11] have prepared SiO2 TiO2 mixed nanoparticles by sol-gel method and studied their photocatalytic activity. They have
demonstrated the a high thermal stability, larger specific surface area, crystallite stability and
large energy band gap. Compared with pure TiO2 , these mixed oxide showed higher thermal
stability (without phase transformations), specific surface area, band gap as well as smaller crystallite size. The prepared SiO2 -TiO2 nanoparticles were studied for the photo-catalytic activity
and their capability of fuchsin and amaranth photo-degradation has been compared. Kao et al.
[12] have synthesized and characterized SiO2 nanoparticles for chemical mechanical polishing
on of steel substrate. The slurry of SiO2 nanoparticles with their size in the range of (58-684)
nm was found suitable as abrasive for the steel substrate. Theuring et al. [13] have compared
Ag and SiO2 nanoparticles to improve the light harvesting in amorphous silicon thin film solar
cells. No difference was found, the current density being almost identical (SiO2 -12.7mA/cm2
& Ag-12.5mA/cm2 ) [13]. Minh et al. have investigated the optical performance of white light
emitting diode (W-LED) with various nanoparticles including SiO2 as the scattering material and
reported improved performance due to the unique properties of the nanoparticles [14]. Farzaneh
and Fourozune [15] have synthesized binary TiO2 and SiO2 nanoparticles by sol-gel method.
The prepared nanoparticles were found in the range of 8-60 nm and the authors further explored
the effect of the solution pH, reaction time, temperature and solvent on the nanoparticle properties. Finally, using the prepared nanoparticles, their photocatalytic activity was performed for the
dehydrogenation of 1,4-dihydropyridines [15]. Gao and Yang [16] have reported the preparation
of nanoscale SiO2 particles by sol-gel method using tetraethyl orthosilicate (TEOS). They have
studied the optimal experimental conditions, such as temperature, catalyst, etc. on the gel time,
gel morphology and particle size [16]. Chen and Yan [17] have synthesized two different kinds of
core-shell Au@SiO2 and SiO2 @Au by chemical route. The prepared nanoparticles demonstrated
enhanced surface plasmon effect. The integration of Au nanoparticles of various size and at different positions played a significant role in the performance of polymer solar cell. For instance,
the integration of 40 nm Au nanoparticles with ZnO yielded a 10% increase in the conversion
efficiency, which was enhanced from 3.2 to 3.52%. The integration of core shell nanoparticles
with ZnO yielded a remarkable improvement of up to 3.99% (for the case of Au@SiO2 ) and
4.2% (for the case of SiO2 @Au) [17]. N. Tiautit et al. [18] have studied the effect of SiO2
and TiO2 nanoparticles on the performance of dye-sensitized solar cells (DSSCs) by employing
polymer gel as electrolyte. With 0.25 wt% of TiO2 and 0.5wt% of SiO2 nanoparticles added to
the gel, the cells efficiency increased to 2.7% and 3.1%, respectively. The improved conversion
efficiency was attributed to the higher viscosity of the nanocomposite gel, and phase separation
of nanoparticles and polymer matrices [18]. Wardiyati et al.[19] have synthesized and characterized SiO2 microstructure using sol-gel method. They have demonstrated that the SiO2 coating
on electromagnetic materials were useful to overcome the leakages of electromagnetic waves as
compared with other materials. To this purpose, an economic process was used to fabricate SiO2
nanoparticles. Using TEM and SEM morphological studies, amorphous SiO2 nanoparticles with
the particle size 15-20 nm and 298 m2 /g specific surface area were observed [19]. Dogan and
Dag [20] used liquid SiO2 nanoparticle solutions to coat textiles surface at room temperature by
spray method. Contact angle and morphological analysis of the SiO2 nanoparticle coated textile
samples showed that they are hydrophobic [20].
In this work, SiO2 nanoparticles were prepared by a simple sol-gel process using tetraethyl orthosilicate, acetic acid and methanol as starting materials. This work aims to study the structural
and optical properties of synthesized SiO2 nanoparticles. Section 2 presents the experimental
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steps used for the preparation of nanoparticles. The results are presented in section 3 and concluded in section 4.

2.

Experimental Approach

The chemicals used as starting materials, such as tetraethyl orthosilicate (Si(OC2 H5 )), acetic
acid (CH3 COOH), methyl acetate (C3 H6 O2 ) and methanol (CH3 OH), were purchased from
Sigma-Aldrich. Silicon dioxide (SiO2 ) nanoparticles were synthesized by sol-gel method as
illustrated in fig. 1. Initially, 20 ml of methanol were dissolved in 2.3 ml of acetic acid, and
stirred for 5 minutes at room temperature. Partially, the water molecules evaporated, and methyl
acetate was produced. Further 1.5 ml of TEOS was added drop-wise at the same time interval.
After 90 minutes of stirring, a homogeneous transparent solution was obtained.

Fig. 1. Synthesis process of SiO2 nanoparticles.

The chemical reactions involved in the SiO2 nanoparticle synthesis are as follows:
CH3 COOH+ CH3 OH → C3 H6 O2 + H2 O ↑ C3 H6 O2 +Si(OC2 H5 )4 → SiO2 +C11 H26 O4 ↑
Finally, the prepared SiO2 solution was and dried at room temperature. After drying, SiO2
product was grinded and calcined at 500C and grained to obtain fine nanoparticles.
After calcination, the prepared samples were characterized using UV- visible spectroscopy
(Perkin Elmer-Lambda 35), Micromeritics (Nano Plus- particle size analyzer), Fourier transform
infrared spectroscopy (Perkin Elmer- Spectrum 2), Ffluorescence spectroscopy (Perkin Elmer LS 45) and scanning electron microscopy (Carel Zeiss-Evo 18).

3.

Results and discussion

According to the Rayleigh scattering, the synthesized nanoparticles elastically scatter light
because of the presence of bigger particles. There are many factors that determine the optical
properties of nanoparticles, such as incident/scattering angle, refractive index, wavelength, distance between the particles etc. However, particle size and incident wavelength are significant
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parameters for their absorbance. The nanoparticles’absorbance is highly dependent on the wavelength range. After calcination, the SiO2 nanoparticles were studied by UV-Vis spectroscopy.
Fig. 2 shows the UV-Vis absorption in the wavelength range from 190 nm to 1100 nm. One
can see that the intensity of the absorption spectrum of pure SiO2 nanoparticles continuously
decreases with the wavelength without any peaks [21-22].

Fig. 2. UV-vis absorption spectrum of pure SiO2 nanoparticles

The particle size studies revealed the distribution of SiO2 nanoparticles according to the
intensity by using DLS (particle size analyzer) technique. Fig. 3 depicts the intensity distribution
of the prepared nanoparticles with particle size analyzer, the calculated average particle size being
of 192 nm. Furthermore, the polydispersity index (PDI) is dimensionless and scaled at 0.405,
indicating that the particle has small size distribution, being suitable for the DLS technique.
Initially, ultra-sonication was used to break-up clumps for 5 minutes. DLS study showed the
random movement of the particles within the liquid velocity of the scattered particle movement
by using Brownian motion (dynamic fluctuation) and the diameter of the particles were estimated
by Stokes-Einstein equation [23].

Fig. 3. Size distribution of SiO2 nanoparticles according to intensity
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Fig. 4. Fluorescence spectra of SiO2 nanoparticles calcined at 500◦ C

Fig. 4 shows the fluorescence (FL) emission spectrum of the prepared SiO2 nanoparticles.
This type of characterization was done to validate the UV-visible result, i.e. whether the material is getting excited or not at specific wavelength, as evaluated by the results. Normally,
the luminescence structure depends on several parameters, like, solvent, atmosphere, calcination
temperature, synthesis process condition etc. The FL spectrum shows the emission band at 644.8
nm (corresponding to sharp excitation) in the visible range and the broad excitation peaks at
359.6 and 718.8 nm [23]. The increment of fluorescence depends on the size of the particles and
is playing an important role for various applications, such as to enhance the mechanical strength
using nanoparticles [24-28].
As shown in fig. 5, FTIR transmittance spectrum (400 to 4000 cm−1 ) confirms the presence
of synthesized SiO2 nanoparticles. The broad peak from 3000 to 3700 cm−1 was assigned to
the presence of O-H group. Similarly, a peak corresponding to vibration bending can be noticed
at 1649 cm−1 , which indicates the presence of O-H stretching bond [29-31]. Usually, the water
molecules removed completely at higher annealing temperature, as suggested by Adam and Chua
[32-33]. Moreover, the strong bands at 1093, 459 and 798 −1 were associated to the asymmetric
and symmetric Si-O-Si stretching vibration bondings [34].

Fig. 5. FTIR spectra of silicon dioxide nanoparticles
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Fig. 6. SEM image of SiO2 nanoparticles calcinated at 500◦ C

4.

Conclusion

In this work, we have presented the synthesis of SiO2 nanoparticles using sol-gel process
and studied by using UV-visible spectroscopy, DLS, FL, FTIR and SEM. The FL study showed a
sharp excitation peak at 644.8 nm in the visible range with broad excitation peaks at 359 and 718
nm. By using FTIR, the vibration peaks of Si-O-Si and Si-O were confirmed. SEM investigation
evidenced the nanoparticles with little agglomeration. The particles size was found to be 192 nm
by DLS study. Furthermore, the optical and structural properties of SiO2 nanoparticles can be
tailored by using synthesis process parameters for the respective applications.
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