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ABSTRACT: Protecting the hair, skin, or products of itself are utilized by sunscreen filters which were 

frequently blocked hazardous UV-Vis radiation. Considering its photoprotective impact on the skin 

facing the radiation of ultraviolet and visible, TiO2 is a common and cost-efficient photocatalytic 

structure utilized in sunscreens. In this research, the continual process was done to optimize the green 

synthesis of TiO2 nanoparticles and nanocomposites through a new, easy, cost-efficient, and quick 

approach to making nanostructures utilizing a sonochemistry method. SiO2, Al2O3, ZnO, and MnO were 

utilized to compose green synthesized TiO2 nanoparticles for this purpose. The samples were recognized 

by XRD, FT-IR, DLS, and SEM. Also, the cytotoxicity and antibacterial activity were assessed. DFT 

computation was performed to identify the connected energy and band gap energy of nanocomposites 

by B3LYP/Lan2DZ quantum approach. TiO2/Al2O3 showed a lower size and the lowest agglomeration 

than synthesized TiO2 and other nanocomposites. Furthermore, all samples indicated strong 
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antibacterial activity against investigated bacteria due to cell death caused by membrane permeability 

increase and bacterial wall integrity disruption. Nanostructures have cytotoxicity with a low level  

on A172 cells. The only exception is TiO2/ZnO which indicated a potent index of cytotoxicity on the cancerous 

cell lines as demonstrated by a low IC50 value of 50 ppm. The relative energy and band gap of nanocomposites 

indicated that TiO2/Al2O3 has the best stability in chemical and biochemical mediums among other 

nanocomposites.  These green synthesized TiO2/Al2O3 nanostructures may have promising applications  

in nanoformulation to combat bacterial infections in the future. 

 

KEYWORDS: Titanium dioxide, Materials chemistry; Environmental friendly synthesis; TiO2 

nanocomposites; Antibacterial, DFT calculations. 

  

INTRODUCTION 

Antioxidants and sunscreen compounds are products for 

skin protection that were paid attention to the health science. 

Hence, they can inhibit the skin's harmful and damaging 

impacts, involving cancers and intracellular imbalance 

between free radicals and human diseases. [1]. Ultraviolet-

visible radiation is the most significant effect for disordering 

skin, like scaling, wrinkling, mottled pigment abnormalities, 

and dryness [2]. Thus, a significant element for healthcare 

products will be antioxidant action due to examining active 

oxygen types and extinguishing the speed of oxidative 

reactions. [1]. Low-energy UV-vis A (320–400 nm), high-

energy UV-Vis B (280–320 nm), and UV-vis C (200–280 nm) 

are three band regions of hazardous ultraviolet-visible light [3]. 

The atmospheric ozone layer absorbs ultraviolet, visible  

C region which is less concerned from a health viewpoint.  

A wide difference in spatial sunscreen products was developed 

to avoid photodamage by UV-vis light. Two basic sorts of 

UV-vis filters are used as the active ingredient of sunscreen 

products. UV radiation wavelengths can be absorbed by 

organic filters due to their chemical structures. Titanium 

dioxide and zinc oxide as inorganic filters can absorb and 

scatter UV-vis radiation, and block UV-Vis domain more 

than the organic chemical blends. A sunscreen formulation 

focuses on the filters encapsulated physicochemical 

characteristics and the carrier [4]. TiO2 crystalline polymorphic 

formulations are involved in rutile, anatase, and brookite [5], 

just the sunscreens were created by the rutile and anatase 

phases [6]. In comparison, the rutile is more permanent  

and has lower photocatalytic activity than anatase. TiO2 

primarily supports facing UV-Vis B rays which can protect 

against UV-Vis due to the size and distribution of particles [7]. 

Considering the versatile characteristics of NPs, involving 

surface area, particle size, and quantum impacts, NPs  

are highly utilized in commercial products [8]. TiO2 NPs  

are basically utilized in personal-care products, coatings, 

cleaning agents, and paints, producing around 10,000 tons 

per year [9]. These wide and increasing productions also 

raise concerns based on the potential toxicity to living 

organisms [8] NPs can negatively impact human health by 

following both the human host and its microbiomes. 

Escherichia coli (E. coli) is observed as single-cell bacteria 

in the intestines of animals and humans in an aquatic 

environment. The prokaryotic organism is utilized in research 

and is an excellent host to produce multiple proteins.  

The study showed that the toxicity of TiO2 NPs to E. coli 

is increased by small particle sizes and large surface areas [10]. 

Besides, the toxicity degree in E. coli was found to be affected 

by ionic strength and electrolytes which affect TiO2 

aggregation [11]. Although the amount of TiO2 particles have 

a significant role in the function of this material in sunscreen 

formulations, the large size of these particles (> 200 nm) 

leads to a low efficacy against UV-Vis rays and displays 

visible light making an opaque film on the skin. On the other 

hand, fine particles (< 200 nm) are more transparent  

in visible light with broader refractive abilities and better 

support in the UV-Vis B range. TiO2 powder with 

micro/nano size has a tendency to aggregate, resulting  

in products with low UV-Vis attenuation and weak aesthetic 

charactersitics [12]. The band gap of the TiO2 is commonly  

a range of 3.0–3.2 eV and the wavelength is about 400 nm. 

This means that UV light radiation with a wavelength  

of less than 400 nm can stimulate the electrons and initiate 

a photo-reaction[13].The approaches for extending the colloidal 

fixation of TiO2 particles must be applied to delete the tasteful 

drawback. A method to do the photocatalytic activity and 

increase the particles' colloidal stability is TiO2 surface coating 

with inorganic or natural compounds [14]. For example,  

the particles will be coated with inorganic layers 
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, such as silica [15], alumina [16], and zirconia [17],  

or natural polymers such as sodium polyacrylate [18], 

spray-drying[19], solvothermal[20], microwave[21],  

and sol-gel course[22] methods were utilized for coating 

the TiO2 particles. Hence, these strategies apply high 

temperatures and long reaction times which may increase 

the final product cost. A sonochemistry approach not only 

does not need high temperatures but also a long reaction time, 

but has the ability to produce hotspots with 5000 °K  

and 1000 atm, therefore is a complete approach for coating 

TiO2 Nanostructures[23] The cause is developing those 

synthesis environments for nanomaterials that are clean, 

humble, and environmental-friendly methods to decline  

or delete applying chemical products as well as producing 

safe materials [24]. 

Making a novel, quick, and simple approach to the synthesis 

od TiO2 nanoparticles and nanocomposites in the existence 

of a green antecedent as a capping and soluble agent was 

among the targets of this research. The synthesized particles 

were evaluated as an inorganic channel for sunscreen 

definitions. X-Ray powder Diffraction (XRD), Fourier 

Transform InfraRed Spectra (FT-IR), Scanning Electron 

Microscopy (SEM), Zeta potential (ζ), Dynamic Light 

Scattering (DLS), Transmission Electron Microscopy (TEM) 

and Density Functional Theory (DFT), frequently 

discovered the created materials. The cytotoxicity and 

antibacterial impacts of formulations were assessed. 

 

EXPERIMENTAL SECTION 

Materials and chemicals; 

The whole chemicals and reagents utilized here were 

analytical grade (purity≥99%) and applied with no more 

purification. Titanium chloride (TiCl4, analytical grade, 

purity≥99.85%) was used as a precursor straightforwardly 

with no more purification for the synthesis of TiO2 NPs. 

Commercial TiO2 was prepared by Tecnan company (Spain) 

which used it to contrast with green synthesized TiO2. 

Green tea leaves are utilized for the green synthesis  

of TiO2 NPs. Twofold Distilled Water (DW) was used  

in the whole test. 

 

Green synthesis of TiO2 NPs 

Initially, using DW water, green tea leaves were 

precisely washed to expel the connected dust particles  

and cut into so fine pieces and dried in sunlight. 20.0 g of 

leaves were submerged in 100 mL of DW water and boiled 

at 80 °C for 40 min to prepare leaf extract. Hence,  

the provided leaf extract was kept for cooling at room 

temperature, and filtered utilizing Whatman filter paper 

which was utilized for the green synthesis of TiO2 NPs. 

For the green synthesis of TiO2 NPs, TiCl4 powder was 

poured into the beaker and diluted with 80 mL of distilled 

water. Leaf extract with a ratio of 1:1 toward TiCl4  

was added. After 20 min continuous stirring at room 

temperature, the solution color changed from transparent  

to whitish-brown. The observed color change indicated  

the reduction of metallic particles (Ti4+) which showed  

the green synthesis of TiO2 NPs. For accelerating the NPs, 

5 mL of ammonia was involved in the solution of NPs 

drop-wise beneath nonstop stirring at room temperature. 

Thus, the precipitates taken from NPs were separated  

from the solution through filtration, by washing with  

ethyl alcohol to evacuate the ionic impurities. Hence,  

the washed precipitates were air-dried and calcined  

at 450 °C for 3 h and at last grind in a crystal mortar pestle 

to take the ultimate powder form of TiO2 NPs. The 

schematic of green synthesis TiO2 nanostructures is 

displayed in Fig. 1. and the feasible reaction mechanism  

is present in Fig. 2 [25]. 

 

Synthesis of TiO2 nanocomposites 

The used amount of TiO2, Ethanol, H2O, and NH4OH 

for all samples was in the ratio of 1g/15.3 mL /24 mL /0.2 mL, 

respectively. Initially, green synthesized TiO2 scattered  

in ethanol and water and composite agents added and  

the final solution was set in ultrasound (Hielscher Ultrasonic 

Disruptor; 20 kHz; 675 W) for 5 min, and NH4OH  

was gradually added at the final of 4 min. The precipitation 

particles were washed with water and ethanol via 

centrifuged at 3500 rpm for 15 min by evacuating an abundance 

of NH4OH. This process was repeated until the pH of the 

supernatant comes to an unbiased pH. At last, the samples 

dried in an oven at 70 °C. The used composite agents  

were tetraethyl orthosilicate (TEOS), aluminum nitrate, 

zinc chloride, and manganese chloride for the synthesis  

of TiO2/SiO2, TiO2/Al2O3, TiO2/ZnO, and TiO2/MnO, 

nanocomposites respectively. 

 

In vitro cytotoxicity assay 

By MTT dye diminishing, the rate of the viable cell was 

in a roundabout way identified in which MTT was decreased 

by dynamic mitochondria in living cells [26]. As Sladowski et al.   
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Fig. 1: The schematic of green synthesis TiO2 nanostructure. 

 

 
Fig. 2: Possible reaction mechanism of green synthesis of TiO2 NPs [26]. 

 

noted, the MTT measure was handled to the balanced 

strategy [27]. 2 × 102 cells were incubated in 96-well 

plates (Iwaki) with 1 mg/mL of MTT in DMEM at 37 °C 

and 5% CO2 for 2 h. The cells were at that point washed 

three times with 0.2-M phosphate buffer saline (PBS)  

at pH 7.4, and the decreased MTT formazan crystals  

were solubilized in 250 mL of DMSO. The Optic Density (OD) 

was perused at 570 nm by an Enzyme-Linked ImmunoSorbent 

Anaylys (ELISA) peruser (Pharmacia Biotech, Stockholm, 

Sweden). The rate of dead and live cells was calculated 

considering control that reveals the cytotoxicity of each 

treatment, as suggested by Zhang et al. [28] as follows:  

% of cellular viability = (Abs of sample − Abs of blank) 

/(Abs of control− Abs of blank) × 100 

The concentration which promotes the decrease of 50% 

in the cellular viability (IC50) was computed by the linear 

regression of curve dose versus reaction, for multiple 

concentrations of nanocomposites. 
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Antibacterial investigations 

Staphylococcus epidermidis, Pseudomonas aeruginosa 

ATCC 27853and Escherichia coli ATCC 25922 were grown 

on peptone-broth at 37 °C in a shaker incubator. After 24h, 

20 microliters of  Liquid cultures were diluted in 96 culture 

plates containing 200 microliter broth medium. The different 

concentrations of TiO2 NPS such as 31.25, 62.5,125, 250, 

and 500µg/mL added. The turbidity of Overnight cultures 

was evaluated at 530 nm and compared by the control 

group [29]. 

 

Characterization of green synthesized TiO2 

Nanocomposites 

The synthesized tests were identified by a series of 

technologies involving X-Ray Diffraction (XRD) patterns 

which were recorded by a Philips-X’pertpro, X-Ray 

Diffractometer utilizing Ni-filtered Cu Ka radiation. 

Fourier transform infrared (FT-IR) spectra were registered 

on Bruker, FT-IR alpha model. Utilizing an FE-SEM, 

ZEISS, SIGMA VP-500, Germany). Identifying particle 

size was done by Nanosizer cordovan (France), and 

produced MNPs morphologies were surveyed. UV/Visible 

Spectrophotometer (Optizen 3220, Korea) applied for 

ultraviolent detection. 

 

Statistical analysis 

Applying statistical package for social science (SPSS) 

version 16 software (IBM, Armonk, NY, USA), data analysis 

was done. Data were displayed as the mean Standard Error 

of the Mean (SEM). Significance between treated vs. 

control groups was shown by the t-Student’s test at 95% 

confidence. P-values less than 0.05 were shown critically. 

 

Theoretical method 

To indicate relative energy and band gap, DFT analysis 

was done by B3LYP/Lan2DZ in Gaussian 09 software 

package [30]. 

 

Results and discussion 

Characteristics of green synthesized TiO2 NPs and 

nanocomposites 

FT-IR analysis 

FT-IR prepares data considering the existence  

of beneficial groups and features of molecular bonds  

in the substance. FT-IR spectra of green synthesized TiO2 

nanoparticles, commercial TiO2, and TiO2 nanocomposites 

which are present in Fig. 3. All tests indicate the existence 

of water and hydroxyl bunches by bowing vibration  

of H–O–H at 1600 cm−1 and a solid extending vibration of  

O–H at 3500 cm−1 [31]. The band at 500–700 cm−1 is seen 

in overall tests allotted to Ti–O–Ti [32]. In the FT-IR 

spectra of TiO2 nanoparticles, ultrasound does not deliver 

a distinguishable alter. Hence, due to the existence of 

coating specialists, coated tests revealed extra groups. 

TiO2@SiO2 test contrasted the spectrum of non-coated 

TiO2 indicates abroad band in the domain of 850 cm−1 

related to the deviated extending vibration of Si-O-Si 

group [31]. Hence, the band at 1100 cm−1 within the test 

TiO2/Al2O3 has ascribed to Al–O extending vibration [33]. 

This peak of vibration of H–O–H for TiO2/ZnO and 

TiO2/Mno was observed at 1630 and 1695 cm-1, respectively.  

 

SEM, TEM, and DLS analysis 

By measuring the particle size from DLS strategy of 

nanosized estimation, the particle size distribution curves 

were prepared. Fig.4 indicates the synthesized sample size 

determined by DLS nanosized. Table 1 displays the 

hydrodynamic size provided due to DLS measurements. 

The samples of TiO2/SiO2, TiO2/MnO, and green synthesized 

TiO2 show high hydrodynamic size (823 nm, 786 nm,  

and 786 nm, respectively), this increasing size is related  

to agglomerate arrangement and exceptionally wide 

measure dispersion. Hence, the hydrodynamic size of 

commercial TiO2 (653 nm) and TiO2/Al2O3 is the last one, 

nearly 595 nm, TiO2/ZnO shown 684 nm. The ultrasonic 

vitality input applied to break down the particle aggregates 

[17], the ultrasonic energy did not influence amazingly. 

TiO2 nanostructures are Spherical, TiO2/Al2O3 and 

TiO2/ZnO were found to be globular with complete grains 

that are obvious in SEM images, these results indicated 

that ultrasound and the coating process did not alter the 

morphology of samples (Fig. 5). SEM applied to make 

high-resolution images for better understanding of different 

coating (Al2O3, ZnO, MnO and tetraethylorthosilicate 

(TEOS)) on green synthesized TiO2 NPs. The results 

indicate that in Al2O3 and ZnO nanostructures a uniform 

distribution of particles is observed in MnO and TEOS 

agglomeration zone takes place seeing the dynamic 

surface of nanoparticles. Fig.6 presents Transmission 

Electron Microscopy (TEM) of TiO2/Al2O3 

nanocomposites in this figure, it is obvious that the real 

size of synthesized TiO2/Al2O3 the nanocomposite is  
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Fig. 3: The FT-IR spectrum of green synthesized TiO2/SiO2, TiO2/Al2O3, TiO2/ZnO, and TiO2/MnO nanocomposites. 

 

around 100 nm this size is because of the hydrodynamic 

diameter remove in TEM images. At the end of Table 1, 

the size of nanoparticles was compared with other related 

papers. 

 

XRD analysis 

Assessing the crystalline structure of green synthesized 

TiO2, XRD analysis was done and the most excellent 

composing nanoparticles revealed less size after DLS 

measurement. Fig. 5 indicates the XRD patterns of green 

synthesized TiO2 and TiO2/Al2O3 nanocomposites.  

In 2θ=25°, 27°, 36°, 37°, 41°, 48°, 56°, 62° ,69°,70° and 

75° for green synthesized sample. The observed peaks 25° 

can be ordered as rutile stage (space bunch P42/mnm, 

reference code 01-084-1284). The small peak at 2θ=27° 

(Fig. 7(A)) is allotted to the anatase step of TiO2 (space 

bunch I41/amd, reference code 01-071-1167). Hence,  

the present peak vanishes passing sonication and coating 

steps (Fig. 7(B), hence it is hard to identify anatase TiO2 existence  

by XRPD when its substance is less than 5% wt [37]. 
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Table 1: The nanocomposite size determined by DLS nanosizer. 

Sample no Nanocomposiote Size (nm) Di90% 

1 TiO2/Al2O3 595±10.56 

2 TiO2/ ZnO 684±6.65 

3 TiO2/ MnO 786±4.99 

4 TiO2/ SiO2 823±5.16 

5 TiO2 (work) 786±6.53 

6 TiO2(commercial) 653±6.38 

[34] TiO2/Al2O3 1367.66 ± 254.26 

[35] TiO2 NPS 50nm 2 micrometer 

[36] TiO2 NPS 10-20 nm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: The synthesized sample size determined by DLS nanosized. 
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Fig. 5: Scanning electron microscopy (SEM) of TiO2 NPs , nanocomposites 

 and commercial TiO2 nanostructure. 

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Transmission electron microscopy (TEM) of TiO2 

/Al2O3 nanocomposites 

 

Moreover, extra peaks were not seen in overall coated 

tests. It indicates the coating materials are in a nebulous 

stage or in little amounts to be recognized by XRPD [38]. 
 

MTT Investigations 

Among major concerns for synthesized 

nanoparticles in biomedical utilizations, we can note 

security and poisonous quality. To assess the cytotoxic 

impacts of multiple nanoparticles, and results revealed 

that the cytotoxicity may be due to different variables, 

multiple research was done. Also, to assess the 

cytotoxicity impact of the green synthesized TiO2 

nanostructures and different nanocomposites on A172 

cell line, MTT assays were utilized. The cells  

were incubated at 37 °C for 24 h beneath multiple test 

concentrations. As shown in Fig.8, the cell viability 

maintained 80% after 24 h of treatment with 

nanostructures at a concentration as high as 100 μg/mL 

for all nanoparticles except for TiO2/ZnO which 

reached 60%. Zinc oxide (ZnO) is a metal oxide 

semiconductor that has been used widely for different 

applications [37]. The above diagram indicates that  

as-prepared nanostructures have a low level of 

cytotoxicity on A172 cell lines. The only exception  

is TiO2/ZnO.  About 50 µg/ mL of this substance  

has caused the death of 50% of cells. The high cell 

viability in all concentrations is attributed to the 

biocompatibility of the synthesized nanostructures. 

Therefore, due to the obtained data, the synthesized 

different kinds of TiO2 nanocomposites are a promising 

candidate for various biomedical applications. 
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Fig. 7: The X-ray diffraction pattern of  green synthesized TiO2 nanostructures (the first )and TiO2/Al2O3 nanocomposite (the second). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: The cytotoxicity investigation of various nanocomposites in cell lines. 
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Table 2: Relative energy, HOMO, and LUMO of nanocomposites 

Nanocomposite ∆E(a.u.) HOMO(a.u.) LUMO(a.u.) 

TiO2@Al2O3 -0.134 -0.18795 -0.14854 

TiO2@ZnO -0.0548 -0.17558 -0.16586 

TiO2@MnO -0.0394 -0.16289 -0.16041 

TiO2@SiO2 +75.119 -0.16928 -0.16310 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9: The mortality (%) of the various concentrations of green 

synthesized TiO2 nanoparticles on the different bacteria. 

 

Antibacterial Activity 

Staphylococcus epidermidis, Pseudomonas 

aeruginosa, and Escherichia coli were grown on peptone-

broth at 37 °C in a shaker incubator. After 24h, 20 

microliters of liquid cultures (broth) were diluted  

in 96 culture plates containing 200 microliter broth 

medium. We added different concentrations, such as 

31.25, 62.5,125, 250, and 500 of TiO2. The turbidity of 

Overnight cultures was evaluated at 530 nM and compared 

by the control group. It is obvious from Fig. 9 that the 

synthesized nanocomposite indicated strong antibacterial 

activity against investigated bacteria due to cell death 

caused by membrane permeability increase and bacterial 

wall integrity disruption. 

 

DFT Calculations 

An important role of theoretical calculation is 

estimating and calculating the stability, present ability,  

and chemical properties of chemical compounds. Since 

TiO2 nanocomposite was synthesized to obtain the stability 

of relative energy, all chemical compounds were optimized. 

Lattice crystals of TiO2, SiO2, MnO, Al2O3, and ZnO were used. 

Two connection sides of TiO2 with other compounds  

were satisfied O connector side and Ti connector side.  

Fig. 10 indicated the active side of connecting nanocomposites. 

The relative energy of each nanocomposite was plotted in Fig. 11. 

Due to the reported data relative energy of TiO2@Al2O3 is  

-0.134 a.u and TiO2@ZnO, TiO2@Mno, and TiO2@SiO2 

are -0.0548,-0.0394 and +75.119 a.u. respectively. 

TiO2@Al2O3 has less energy than the other nanocomposites; 

therefore, it is the most stable synthesized nanocomposite. 

The density and distribution of electrons on the surface or 

ground of atoms and molecules can result in the chemical 

reactivity of atoms or molecules. Important facilities  

of a chemical compound to modify the chemical 

parameters are HOMO and LUMO. In Fig. 12, HOMO  

and LUMO of nanocomposites were demonstrated to 

recognize negative (red) and positive (green) 

nanocomposite places. The value of HOMO and LUMO 

and bandgap (∆E) of nanocomposites' energy are 

presented in Table 1. The value of HOMO and LUMO and 

bandgap (∆E) of nanocomposites' energy are presented in 

Table 2.  If the bandgap is more negative caused high and 

best reactivity in chemical and biochemical media [33]. 

Amount -0.0395 a.u. for a bandgap of TiO2@Al2O3 

expresses these nanocomposites have the best chemical 

reactivity.  

 

CONCLUSIONS 

The sonochemical method used for green synthesized 

TiO2 nanocomposites with different materials like SiO2, 

Al2O3, ZnO, and MnO to synthesize various nanocomposites 

TiO2/Al2O3, TiO2/SiO2, and TiO2/MnO, and TiO2/ZnO. 

Among nanocomposites, TiO2/Al2O3 indicated lower 

agglomeration, the lowest size, and the best chemical 

reactivity with antibacterial activity for biomedical 

applications. All samples indicated strong antibacterial 

activity against investigated bacteria due to cell death 

caused by membrane permeability increase and bacterial 

wall integrity disruption. Nanostructures have cytotoxicity 

with a low level on A172 cells. DFT computation was performed 
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Fig. 10: Nano composites Structure in O connection and Ti connection. 

 
Fig. 11: Relative energy of nanocomposites (a.u.). 

 

     
Fig. 12: HOMO and LUMO distribution of nanocomposites 

 

to identify the connected energy and band gap energy  

of nanocomposites by B3LYP/Lan2DZ quantum approach. 

The present study indicates that the suggested sonochemistry 

approach can improve the TiO2 characteristics in an easy 

method and short period, also shows the significance of this 

ultrafast and effective methodology which is still unknown  

in-cosmetics utilizations.  
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