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INTRODUCTION
Human activity has been altering the atmosphere’s structure since the 
middle of the 1970s, which lowers the quantity of ozone found in the 
stratosphere.[1] Thus, it is now crucial to preserve a constant level of 
ozone throughout the stratosphere because, if not, UV radiation is 
going to eventually be accessible to diffuse to the Earth’s surface with 
potentially catastrophic effects on all living things. Both conventional 
and organic UV-blocking substances are being investigated to protect 
against UV-Vis exposure in order to do this.[2,3] The potential of 
the substance to absorb ultraviolet photons, decrease the coexistence 
of electrons and holes generated by photosynthesis, and ultimately 
prevent unanticipated photocatalysis are all critical factors in the 
success of the UV-Vis sheltering technique.[4,5] as well as its ability 
to suppress the separation of photogenerated electrons and holes and 
eventually avoid unexpected photocatalysis.[6,7] Nanomaterials such 
as ZnO, CeO2, and TiO2 have been utilized for UV-vis shielding and 
to boost their UV-Vis collecting ability.[8-10] Nevertheless, there 
aren’t many reports of successful one-pot corrosion and synchronized 
UV absorption synthesis. Furthermore, it continues to remain very 
difficult to create a UV absorption with good optical transparency 
because of these substance candidates’ excessive refractive index and 
asymmetrical crystallization characteristics.[11]

Because of its exceptional photoactivity and UV filtering 
capabilities, TiO2, a cheap and extremely durable semiconductor 
oxide, continues to be the subject of the most research out of all the 
inorganic compounds.[12] The nanoparticles of titanium dioxide 
capture ultraviolet radiation and catalyze the production of radicals 
containing hydroxyl and superoxide on their outermost surfaces, 

which can subsequently degrade organic materials. Despite the 
photocatalytic capability of TiO2 must be eliminated in order to be 
used as UV protective coatings.[13,14] To this end, we present in our 
investigation the manufacturing of TiO2-SiO2 nanoparticles using 
sonochemistry, which might disrupt the production of free radicals 
generated by the chemical reaction of O2 as well as H2O alongside 
the electron-hole group, and tetraethyl orthosilicate (TEOS) silane 
as a coupling ingredient.[15] These recently created nanoparticles 
successfully reduce the capacity for photocatalytic degradation, 
ingredients and techniques. 

MATERIAL AND METHODS

Synthesis of Materials  
Titanium oxide (99.9%), tetraethyl orthosilicate (TEOS), and ethanol 
had been purchased compared to Sigma Aldrich, while sodium 
hydroxide pellets (NaOH) and Malachite Green oxalate dye (MG) 
were acquired from Merck & utilized as supplied conventionally 
without additional purification.

Preparation of the specimen
In order to produce a well-dispersed emulsion of TiO2, 25 mL of 
ethanol was mixed in in addition to the TiO2 NPs, and the mixture 
was ultrasonically sterilized for 30 minutes. Drop by drop, 1-mL 
containing TEOS dispersed in 1-mL of 2M NaOH was incorporated 
into this mixture while being vigorously stirred by a magnetic 
stirrer at 500 rev/sec throughout 24 hours at ambient temperature, 
i.e., 35ºC. After filtering, the TEOS-modified TiO2 was repeatedly 
cleaned with ethanol & deionized water on multiple occasions 

Biswas, J Adv Sci Res, 2025; 16 (09): 01-07

Journal of Advanced Scientific Research

Available online through https://sciensage.info

ISSN

0976-9595

Research Article

TiO2-SiO2 Nanoparticles with UV-shielding Effect and Reduced Photocatalytic Activity

Bharati Debi Biswas*

Department of Physics, Sreegopal Banerjee College, Mogra, Hooghly, West Bengal, India.
*Corresponding author: sujatab88@gmail.com

Received: 19-08-2025; Accepted: 05-09-2025; Published: 30-09-2025

© Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License 	 https://doi.org/10.55218/JASR.2025160901

ABSTRACT
Here, we present the synthesis of multifunctional nanoparticles with suppressed photocatalytic activity, tremendous photoluminescence, great 
optical transparency and outstanding UV absorbance. The nanoparticles’ shape is shown by FESEM tests as fibrous linkages that resemble rods 
and have pores in between. According to the BJH analysis, the measured pore size was 20 nm. Ultraviolet light irradiation tests confirm the 
highly effective UV screening performance; nevertheless, the nanoparticles’ photocatalytic property was removed. In the whole 200 to 400 
nm range, the UV transmittance is comparatively low, demonstrating the sample’s improved UV protection capability. The nanoparticles’ 
ultralow dimension, 2.49 m2 g-1 was discovered during a nitrogen adsorption/desorption test, which is in line with their phenomenally low 
photocatalytic capacity.
Keywords:  Nanoparticles; UV-shielding; Photoluminescence; Photocatalysis.
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Figure 1: Synthesis of TiO2-SiO2 nanoparticles

before being exposed to air for 16 hours at 120ºC. The TiO2-SiO2 
nanoparticle formation method is depicted in Figure 1. Additionally, 
plane SiO2 was produced while maintaining identical procedures 
along with additional characteristics. At the ambient temperature, 
tetraethyl orthosilicate and sodium hydroxide pellets were stirred 
thoroughly with a magnetic stirrer set at 500 rev/sec for 24 hours. 
After filtering, the resulting solution was repeatedly cleaned with 
ethanol and deionized water before being dried for 16 hours at 120ºC.

Analysis of the sample
CuKα radiation wavelength λ= 0.15418 nm was used to analyze the 
as-synthesized compounds using XRD at a voltage gradient. In the 

 range, information was gathered at a level of 0.02°. 
Through the use of a UV-Vis spectrophotometer, the spectrum of 
absorption that covers the 200–800 nm range has been determined. 
The photoluminescence is release by appropriate stimulation 
wavelength. EDS was used in conjunction with a field emission 
scanning electron micrograph (FESEM) type JEOL JSM-7600F 
to determine the specimen’s morphology & elemental content. 
The cylindrical porosity model was used to calculate the overall 
distributions of pore sizes determined by the nitrogen desorption 
equilibrium. About 250 mL glass photo reactors were used to 
assess the degradation of photocatalytic enzymes using 1-mg/mL 
of malachite green oxalate (MG) pigment & 5 mg/mL for every 
photocatalyst. Four ultraviolet lamps that produced a light wave 
with a wavelength of 253.7 nm, a fluid circulation system (i.e., 
water), and a magnetic stirrer made comprised the UV irradiation 
arrangement (Figure 2). The entire setup was housed in a wooden 
enclosure that provided good insulation against the environment. In 
order to guarantee an adsorption-desorption state of equilibrium, 
photocatalytic breakdown kinetic investigations were conducted 
in the dark using a variety of materials exposed to UV radiation 
for 15 minutes using ultrasonic waves, followed by 60 minutes of 
stirring. The reactor was then exposed to ultraviolet light. About 
2 mL of water each was collected at prearranged intervals and 
centrifuged right away for ten minutes at 8000 rpm. After filtering, 
the supernatant was examined.

RESULTS AND DISCUSSIONS

Spectroscopic Characterization results 

XRD analysis.
Phase is a crucial factor that affects a material’s physical characteristics. 
Substantial diffraction peak values in the XRD structure of pure 
titania, as seen in Figure 3a, indicated the anatase phase (JCPDS 
21-1272). Only significant anatase (JCPDS 21-1272) peaks appeared 
visible in the diffraction structure of TEOS-enhanced TiO2, as shown 
in Figure 3b. Although SiO2 is amorphous, no peaks were seen with 
Scherrer’s equation [16].

D = Kλ/βcoθ

One may determine the size of the grains (D) from peak broadening. 
In this equation, K is a fixed number that depends on the peak at 
(1.1). λ = spectrum of X-rays, β = maximum width at half maxima 
(FWHM) and Bragg’s angle= θ

The intensity of the diffraction peaks reduced due to the margin 
of TiO2 with Silica nanoparticles. The particle sizes were estimated 
as 20 nm. The diffraction peak intensity of the nanomaterial shows 
high crystallinity.

Figure 3c shows the structure of Nano SiO2 instead of any 
alterations. The amorphous nature of the sample is shown by the 
broad, moderately intense peak that appears about 2θ ̴ 23°.

FESEM & EDS.
FESEM images (Figure 4a) show irregular shapes arranged in the form 
of rods with large voids in between. EDS images (Figure 4b) show the 
core elements Ti, Si and Oxygen in the composite. Extra peaks of Pt, 
which are shown in the figure, may be from the synthesized NaOH. 

UV-visible absorption spectra
These spectra are an important tool for the comparison of the 
absorption of synthesized TiO2-SiO2 with pure TiO2 materials. The 
TiO2(titania) taken in this study for comparative purposes shows 
absorption maxima at 200 nm (Figure 5a) is due to non-octahedral 
TiO2 species [17].SiO2 (Figure 5b_5c) and synthesized TiO2-SiO2 
nanoparticles both exhibit broad absorption bands spanning the visible 
400–800 nm range, with absorption maxima at 200 nm. Titanium 
atoms are isolated on the tetrahedral silica network [18] are typically 
associated with this characteristic. As seen in the produced TiO2-

Figure 2: UV irradiation setup diagram
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Figure 3: XRD for (a) TiO2 anatase, (b) TiO2-SiO2 nanocomposites (c)SiO2.

Figure 4: (a) FESEM image and (b) EDS of TiO2-SiO2nanoparticles

SiO2 materials, the amorphous nature of the SiO2 is accompanied 
by a very small particle size. However, as soon as TiO2 is loaded, 
the particle size rises, and the absorption band shifts to higher 
wavelengths. Higher titania loading is therefore responsible for the 
broad absorption band in the visible spectrum that the nanoparticles 
display. Another indication of this reality is the XRD pattern’s lack 
of silica peaks. Similar findings with a blue shift associated with 
threshold wavelength when the titania concentration drops have also 
been observed by Imamura et al [19].

Band gap calculation
Using the Tauc equation [20]

(αhv)n = A (hv-Eg)

Where hv is the amount of photon energy, A is a constant in relation 
to the material, α is the index of absorption, Eg is the band gap, 
and n is an amount that depends on the direction of changing 
circumstances. The band gap of the particles was determined from 
UV-vis absorption data. To shift the absorbing effect of radiation 
toward shorter wavelengths in the UV-C band, a band gap of 5.45 eV 
was calculated for titaniapure (inset Figure 5). While the frequency 

gap decreased to 4.63 eV for the created TiO2-SiO2 nanoparticles, 
it was 5.73 eV for the produced SiO2. Because of the increased 
proximity of the pairs of electrons and holes and the inability to 
ignore the Coulombic connection that exists between both of them, 
large energy levels suggest confinement of the particles.[21] The 
reactivity of the electromagnetic spectrum to the ultraviolet UVC 
area is reflected in these elevated band gap energy levels.

Uv-Vis transmittance spectra
The visibility of each specimen was assessed using visual transmission 
tests across the UV-visible spectral range (200–800 nm). Similarly, 
TiO2 and SiO2 exhibit an ultraviolet transmission of roughly 70% 
at 200 nm (Figure 6a and 6c), which rises to 90% between 200 
and 225 nm and stays that way throughout the visible wavelength 
spectrum. As a result, both TiO2 and SiO2 exhibit outstanding clarity 
across the visible spectrum, but they have inadequate UV shielding 
in the ultraviolet portion of the electromagnetic spectrum. TiO2 
and SiO2particlesreflected and scattered capabilities against UV 
radiations might be diminished due to a certain level of nanoparticle 
accumulation, which could be the cause of a reduction in UV 
shielding.[22-23] In the situation of TiO2 -SiO2 nanoparticles (Figure 
6b), the sample’s improved ultraviolet (UV) defense property is 
demonstrated by the comparatively low (20%) UV transmission 
throughout the whole 200- 400 nm portion that comprises the 
electromagnetic spectrum. The produced nanoparticles exhibit 
improved optical quality, which suggests that they could be used as 
a reliable UV absorber.v

PL Energy-intensity spectra
Valence (VB) & conduction (CB), both of the bands of semiconductors, 
maintain their significance in amorphous states because the order of 
short-range determines the fundamental characteristic of electronic 
processes.[24] 3.69 eV was identified as a strong emission frequency 
band within the TiO2 PL Wavelength-Intensity spectra (inset 
Figure 7a). This peak, which was seen at ambient temperature, is 
explained by vertical recombination. Despite its weakness, it directly 
demonstrates the vertical transitions of photoinduced electrons and 
holes in TiO2[25]. Energy bands at 2.52, 2.68, and 2.78 eV are visible 
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Figure 5: UV spectra (inset Tauc plot) for (a) TiO2 anatase, (b) TiO2-SiO2 
nanoparticles(c) SiO2.

Figure6: Transmittance for(a) TiO2 anatase, (b) TiO2-SiO2 nanoparticles (c) 
SiO2.

Figure 7: PL Energy- Intensity inset (a) TiO2 anatase (b) TiO2-
SiO2nanoparticles (c) SiO2 

Figure 8: Nitrogen adsorption isotherms for TiO2-SiO2nanoparticles 
synthesized at 35°C (inset) pore size distribution.

in the PL Energy-Intensity bands of SiO2 and TiO2-SiO2 nanoparticles 
(Figure 7c and 7b), respectively. The violet luminous band at 2.78 
eV is due to an oxygen defect.[26,27] Experimental studies of the 
transient volume shift and optically detectable magnetic resonance 
provide evidence for the presence of the self-trapped excitation 
in crystalline SiO2[24]. It is possible to attribute the unique blue 
f luorescence at 2.68 eV to self-trapped excitons. The emission 
spectra of crystalline SiO2 also exhibit an identical luminescence 
band, albeit at significantly higher intensities [28]. They can then 
capture the excited electrons to create a singly ionization oxygen 
vacuum. Accordingly, self-trapped exciton particles, as suggested 
by [29,26], can likewise be responsible for the green luminescence 
spectrum at 2.52 eV. As a result, it is noted both the SiO2 and TiO2-
SiO2 nanoparticles exhibit strong violet & blue-green PL, suggesting 
potential optoelectronic uses.

BET analysis results
Brunauer- Emmett- Teller was measured porosity and surface area 
of TiO2-SiO2nanocomposites by nitrogen adsorption-desorption 
as shown in Figure 9[30-31]. For porous materials, adsorption and 
desorption branches of an isotherm curve form a loop known as a 
hysteresis loop seen for SBA-15 silicas [32-33]. 

The mesoporous characteristics observed by the Barrett-Joyner-
Halenda desorption isotherm plot of pore size distributions (PSD) 
(Figure 9 inset). The average diameter for TiO2-SiO2nanooparticles 
is calculated by 22 nm [34]. Kruk et.al observed slightly low 
average diameter for SBA-15 silicas [35]. Using BET analysis surface 
area of synthesized nanoparticles is calculated that be 2.49 m2g-1.
FESEM imaging provides evidence of the existence of large gaps 
in walls between adjacent pores [36]. They also reveal fibrous 
interconnections between the mesopores [36]. 

Photocatalytic degradation results
According to findings in research, TiO2 anatase has a strong 
photocatalytic activity. This activity has been assigned to its increased 
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Figure 9:The photocatalysts (a) TiO2 anatase, (b) SiO2, and (c) TiO2-SiO2 nanoparticles’ breakdown absorbance against wavelength figure

Figure 10: The degradation dynamics (PD) of the following photocatalysts (a) 
TiO2 anatase, (b) TiO2-SiO2 nanoparticles, and (c) SiO2 as a function of time.

Figure 11: Rate constant bar diagram of TiO2 anatase, TiO2-SiO2 
nanocomposites and SiO2.

photo-adsorption of O2, reduced charge recombination amount, and 
elevated adsorption capacities for both water molecules and hydroxyl 
anions [37-38]. By analyzing the velocity at which molecules broke 
down, synthesized photocatalytic capabilities of the TiO2-SiO2 
nanoparticles were assessed. Using (1)[39], the chemical dyes’ 
photocatalytic degradation activity was computed.

0

0

( ) 100,tA APD
A
−

= ×
		

(1)

where A0& At stand represent the dye solution’s absorbance ahead of 
photoirradiation & the suspension solutions’ wavelength following 
photoirradiation during t time, accordingly.

It is shown that in 180 minutes MG was degraded90.89% 
presence of TiO2 nanoparticles UV as shown in Figure 10a. In 
contrast, 5 mg/mL of SiO2 caused 53.9% of MG (1-mg/mL) to 
degrade in 360 minutes (Figure 10b). In sharp contrast, the low 
photocatalytic activity of the produced TiO2-SiO2 nanoparticles only 
showed a 5.9, 21.2, and 25.1% decrease in MG after 1, 3, and 5 hours, 
respectively (Figure 10c). After this, no additional deterioration was 
noticed. The following is explained by the SiO2 layer encircling the 
TiO2 particles. This layer might offer a surface energy boundary that 
stops photoinduced holes (h+) and electrons (e-) from TiO2 from 
diffusing outward.

In order to assess the potential adsorption of MG by TiO2-SiO2 
nanoparticles, we also conducted control experiments. In the absence 
of ultraviolet radiation, we found that no MG was absorbed by the 
nanoparticles.

The photocatalytic degradation reactions are now determined 
by a first-order kinetic model [40]: in which the rate constant is 
k1 (min-1) and the MG quantities at point zero and time t (min) are 
denoted by C0 & Ct (mg/L), respectively.

0
1ln ,

t

C k t
C

 
= 

 
					     (2)

Figure 11: evaluates the photocatalytic degradation of MG by 
each sample and correlates the k1 levels, regarding the TiO2-SiO2 
nanoparticles be 0.00175 min-1.
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CONCLUSION
Sol-gel synthesis of TiO2-SiO2 nanoparticles was accomplished 
effectively. The following are the main conclusions:
•	 There is a shift toward higher wavelengths in the absorption 

spectrum.
•	 The sample’s improved UV protection is demonstrated by 

its comparatively low (20%). As a result, the produced 
nanomaterial exhibits improved optical quality, suggesting that 
it could be used as a reliable UV absorber. The optical quality, 
as evident from transmittance spectra, predicts its potential 
application as a biological shield and in preserving cultural 
artefacts and relics.

•	 Luminescence studies also predict possible opto-electronic 
applications.

•	 Texture analysis with the BET analyser indicates the 
mesoporous nature.

•	 At a dosage of 5 mg/mL of the catalyst, the TiO2-SiO2 
nanoparticles demonstrated a mere 25.1% malachite green 
presence of UV removal rate in 5 hours. Therefore, applying 
a coating of this nanomaterial on electronic equipment 
on board spacecraft may help shield its components from 
radiation risks and extend its service life.
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