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The application of metal oxide nanoparticles benefits numerous industries. The
stability and ease of manufacture of Silicon dioxide nanoparticles make them one
of the most often used metal oxide nanoparticles in the cosmetic industry. In
sunscreen compositions, titanium dioxide is the most often utilised additional
metal oxide nanoparticle. However, various studies indicates that because
titanium dioxide turns toxic when used in larger amounts and causes a white cast,
which upsets customers, it should only be used in trace amounts and that
concentrations should be closely monitored. Using titanium dioxide and Silicon
dioxide nanoparticles together would be a better idea because the latter has a
stronger temperature resistance and will increase stability further because of its
uniform dispersion and water resistance. Consequently, the objective of the
present study is to synthesise size-controlled Silicon nanoparticles and employ
various characterization techniques to analyse their properties. The study
additionally examines at the UV spectra of drugstore sunscreen that was
purchased from a trusted vendor, as well as the presence and effects of titanium
dioxide and Silicon in the sunscreen.

Keywords: Metal oxides nanoparticles, broad UV spectrum, sunscreen
formulation, Silicon dioxide nanoparticles, Thermal stability of SiO2, vibrational
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1. Introduction

Metal oxide nanoparticles are widely utilised in various sectors due to their reduced
environmental contamination. The properties of metal oxide nanoparticles are significantly
altered by the process used to synthesise them. Conventional physical methods of synthesis do
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not produce uniform size controlled metal oxide nanoparticles. Hence researchers employ sol
gel technique one of the simplest techniques to synthesise metal oxide nanoparticles. Metal
oxide nanoparticles when incorporated in any sector improve the durability with no cost
difference. Titanium dioxide nanoparticles are the mostly used nanoparticle in sunscreen due
to their enhanced UV block. However, certain studies state that minimal amounts of titanium
dioxide should be included, and that concentrations should be strictly adhered to [1]. Using
SiO, nanoparticles in addition to titanium dioxide nanoparticles would be a preferable choice
because it is more temperature resistant and would increase stability. The TGA DSC technique
is used for thermal studies, and transmission electron microscopy is used to examine the
morphology of the nanoparticles. Powder XRD studies were carried out to detect the phase of
TiO, nanoparticles. Furthermore, the FTIR ATR method confirms the vibrational
characteristics of SiO, and TiO.. The drugstore sunscreen, which was obtained from an
authorised vendor, was examined using UV-Vis technique to determine its broad UV
spectrum. A broad UV spectrum would contribute to comprehensive defense against UV-A
and UV-B rays. Using SEM and EDX, the presence of titanium dioxide and Silicon dioxide in
the sunscreen was verified.

2. Materials and Methods

To synthesise Silicon dioxide nanoparticles, 25 ml of ethanol (C.HsOH) and 2.8 ml of acetic
acid (CHsCOOH) are mixed at room temperature and stirred continuously for 10 minutes using
a magnetic stirrer. The stirrer is heated for about ten minutes for the water molecules to
vaporise and ethyl acetate (C2HsCOOCH:;) sol is formed. The sol is then converted into a gel
by adding a molecular precursor tetraethylorthoSiliconte (TEOS) (Si (OC2Hs)4) [2]. 12 ml of
deionised water is mixed with 6 ml of TEOS solution and stirred continuously at room
temperature for about three minutes. 2 ml of the precursor is added drop wise to ethyl acetate
and is stirred continuously for 4 hours. The gel is then dried and calcinated at 400 °C using a
high temperature hot air oven resulting in the production of fine Silicon dioxide nanoparticles
(SiO2). Synthesis of titanium dioxide nanoparticles involves ethanol as a solvent, hydrochloric
acid as a catalyst, and titanium tetra iso propoxide as a precursor material [3]. Initially, 5mg
Titanium tetra isopropoxide was mixed with 2 ml of HCI, 25 ml of ethanol and stirred for half
an hour at room temperature. 10ml of deionized water was added to the above mixture and
stirred for 2 hours at room temperature. Finally, the solution was then dried and heated at
120°C for one hour to obtain fine titanium dioxide nanoparticles.

3. Results and Discussion

The modes of vibration of Silicon dioxide nanoparticles and titanium dioxide nanoparticles
are confirmed by using FTIR ATR technique. The particles size analyser revealed the
polydipsersity of index of formed Silicon dioxide nanoparticles. TEM with EDX technique
calculated the average size and purity weight percentage of Silicon dioxide nanoparticles.
Thermogravimetric analysis was used to study the thermal resistance of synthesised Silicon
dioxide nanoparticles. Contact angle analysis was carried out to analyse the hydrophobic
property of Silicon dioxide nanoparticles. Further, XRD studies were carried out to predict the
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phase of titanium dioxide nanoparticles.
3.1 FTIR ATR Spectral Analysis

FTIR ATR Spectral analysis is carried out using FTIR ATR spectrum 2 spectrophotometer at
Sophisticated Analytical Instrumentation Facility (SAIF), SPIHER, Chennai. The analysis is
carried out in the mid IR region to identify the vibrational bands present in the Silicon dioxide
nanoparticles. The vibrational properties of Silicon dioxide were interpreted in Si-O-Si
subunits since each silicon atom is bonded with four oxygen atoms and each oxygen atom is
shared by two silicon atoms. The broad peaks at 1068 cm™ and 793 cm™ correspond to
asymmetric and symmetric stretching modes of Si-O-Si. The peak at 547 cm™ corresponds to
SiO2 bending vibration [4]. The vibrational properties of Titanium dioxide were interpreted
and peaks at 1594 cm—1 and 508 cm—1 correspond to Ti-O and Ti-OH modes of vibration [5].
Hence the FTIR ATR analysis confirms the presence of Titanium dioxide nanoparticles.
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[Figure 1 FTIR ATR Spectrum of SiO, Nanoparticles]
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[Figure 2 FTIR ATR Spectrum of TiO, Nanoparticles]
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3.2. Particle size Analysis

The results of the particle size analysis, which was performed at VISTAS, Chennai, using the
Nanotrac Wave Il instrument manufactured by Microtrac Inc., USA, to ascertain the average
size of the sample, is shown in Figure 3. It is found that titanium dioxide nanoparticles have
an average size of 55.1 nm. Higher particle size measurements can also be attributed to particle
agglomeration. The polydispersity index (PDI), which calculates the uniform distribution of
the sample, using the formula (standard deviation / particle size diameter) is found to be 0.05.
The polydispersity index is mainly focused to analyse the distribution of nanoparticles in
sample. Typically, a polydsipersity index less than 1 is regarded as uniform distribution [6].
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[Figure 3 Average size of Silicon dioxide Nanoparticles]
3.3. Transmission electron Microscopy with EDX analysis

The TEM results revealed that the synthesised Silicon dioxide was in nanoparticle range and
aggregation of the nanoparticles is responsible for the size variance that has been observed.
The SAED pattern is provided to analyse uniform distributiom. It is discovered the purity
weight percentages are determined to be 47.82% for Silicon and 29.15% for oxygen [7].

o

[Figure 4 TEM Image of Silicon dioxide Nanoparticles]
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[Figure 5 SAED Image of Silicon dioxide Nanoparticles]
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[Figure 6 EDX Image of Silicon dioxide Nanoparticles]
3.4 Thermo gravimetric analysis

Thermo gravimetric analysis and differential scanning calorimetry is performed and from the
TGA curves of Silicon dioxide nanoparticles, it is evident that no significant weight loss is
observed below 800°C which indicates that higher temperature is required to breakdown the
covalent bonds shared between the Silicon coupling agents to evaporate the Silicon dioxide
nanoparticles. This proves that Silicon dioxide nanoparticles are highly thermal resistance and
possess high melting point [8].
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[Figure 7TGA DSC of Silicon dioxide Nanoparticles]
3.5 Contact angle analysis

Contact angle analysis of Silicon dioxide nanoparticles were carried out and the results
showcased a contact angle of 79 degrees right angle and 94 degrees left angle indicating the
hydrophobic nature of Silicon dioxide nanoparticles [9]. Hydrophobic nature makes the
sample to be more water resistant. Hence if hydrophobic Silicon is incorporated in sunscreen
it can act sweat proof and water resistant. This is the major reason for using Silicon dioxide
majorly in cosmetic industry.

[Figure 8 Contact angle of Silicon dioxide Nanoparticles]
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3.6. Powder X-ray diffraction

Powder X-ray diffraction analysis is performed using Smart lab XE ray instrument at VISTAS,
Chennai to measure the inner core transitions of titanium dioxide nanoparticles. Comparing
the peaks obtained from the result with the JCPDS card data 21-1276, the synthesised titanium
dioxide corresponds to rutile phase.
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[Figure 9 Powder XRD of titanium dioxide Nanoparticles]

4. Investigation in Sunscreen formulation

A drugstore sunscreen was procured from a reliable source and analysed for the presence of
Silicon dioxide and titanium dioxide nanoparticles using scanning electron microscopy and
EDX technique. The sunscreen is then analysed using UV Visible spectroscopy and the results
are discussed below.

4.1. Ultra violet - Visible Analysis

The results of the UV analysis, which was performed at VISTAS, Chennai, using to ascertain
the broad UV spectrum of the sample, is shown in Figure 3. The results showcased two distinct
absorbance peaks in the UV-B region (290 to 310 nm) and in the UV-A region (330 to 360
nm). Broad spectrum was observed which may be due to the uniform distribution of the
components of sunscreen especially titanium dioxide nanoparticles [10]. Silicon dioxide is
often reported for the uniform distribution when added with other metal oxide nanoparticles.
Hence the broad uniform peaks may be due to the addition of Silicon dioxide with titanium
dioxide.
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[Figure 10 UV-Visible spectrum of Sunscreen]

4.2 Scanning electron microscopy

The VEGA 3 TESCAN SEM analyzer was used at Anna University in Chennai to conduct the
SEM analysis. Tiny spherical shaped nanoparticles ranging in different sizes were observed.
It is discovered that the percentages of purity weight for oxygen, Silicon and titanium are
19.99%, 29.48% and 5.33%, respectively. Hence the results promise the presence of Silicon
dioxide in abundance compared to the titanium dioxide particles which contributes to less
toxicity and improved stability [11].

[Figure 11 SEM Image of Sunscreen]
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[Figure 12 EDX Image of Sunscreen]

5. Conclusions

Nanoparticles of silicon dioxide are effectively synthesised by the sol-gel method. By using
FTIR ATR characterisation technique such as the existence of Silicon dioxide nanoparticles is
verified. The average particle size using particle size analyser indicated a polydispersity index
of 0.05 of Silicon dioxide nanoparticles. The morphological property of Silicon dioxide and
titanium dioxide are verified by transmission electron microscopy. It is concluded from TGA
DSC curves that weight loss below 800°C is negligible. Contact angle analysis of Silicon
dioxide nanoparticles and Powder XRD studies of titanium dioxide nanoparticles were carried
out. Further the study extended its work to investigate the UV-Vis spectrum of drugstore
sunscreen. The results showcased broad UV spectrum and confirmed UV block attributing to
the presence of titanium and Silicon dioxide particles. Scanning electron microscopy with
EDX confirms the amount if titanium and Silicon dioxide nanoparticles. The above discussion
showcases that Silicon dioxide nanoparticles can act as an enhanced nanoparticle to provide
stability and uniform distribution in sunscreen formulations.
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