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TITANIUM DIOXIDE NANOPARTICLE SYNTHESIZED VIA SOL-GEL METHOD FOR WATER PURIFICATION AND EVALUATION OF BIOLOGICAL ACTIVITIES

Abstract:
Titanium dioxide is an extremely active in a variety of reactions, nontoxic, and reasonably priced and it also used extensively in water purification processes such as photocatalysis, catalysis, and dye degradation. Titanium dioxide nanoparticles (TiO2 NPs) potent oxidizing ability through the production of free radicals promotes the inactivation of bacteria by reducing their development. TiO2 NPs, using the sol-gel method, titanium precursors are combined with isopropanol, deionized water, and acids to create titanium dioxide nanoparticles. The present study focused on characterization and evaluation of synthetic TiO2 NPs for its anti-inflammatory, antioxidant and antimicrobial ability. Anti-inflammatory activity tested using bovine serum albumin/anti-denaturation assay, In-vitro antioxidant assay by (DPPH) and antibacterial activity by Agar well diffusion method was also performed. At a concentration of 100 µg/ml, the results showed that chemically produced TiO2 NPs have the ability to scavenge the free radical DPPH, neutralizing 72% of the radicals. It was shown that a sample of 100 µl of TiO2 NPs had strong anti-inflammatory properties and inhibited 69% of protein denaturation. TiO2 NPs were tested against pathogenic bacterial strains at varying concentrations (50, 75, and 100 mg/ml), they demonstrated significant antibacterial activity by inhibiting both Gram positive and Gram-negative bacteria. In the present study the prepared TiO2 NPs showed potent water purification property in the artificial polluted water.
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1. Introduction
[bookmark: _Hlk202946466]A significant field of nanotechnology research focuses on creating nanoparticles with regulated monodispersity, dimensions, and various chemical compositions. Its applications in science and technology for the creation of novel materials at the nanoscale level, nanotechnology is becoming a fast-expanding area. Applications of nanotechnology in pharmacology and biology have grown significantly. Titanium dioxide (TiO2) nanoparticles (NPs) have been widely used as a clean and environmentally friendly photocatalyst in recent years due to its optical qualities, high chemical stability, and nontoxicity. Titanium dioxide NPs are among the most crucial ingredients for skin care products, cosmetics, and medications. They are especially useful for shielding skin from UV radiation, whiteness, and opacity in paints, plastics, papers, inks, food coloring, and toothpastes. The Sol–gel method is the most widely used technique for creating TiO2 NPs because it is easy, affordable, and effective. Synthesis of TiO2 NPs in a variety of shapes, including sheets, tubes, particles, wires, rods, mesoporous, and aerogels, is made possible via the sol–gel process (Alavi and Karmi, 2018). The most researched semiconductor is TiO2, which has been investigated for its antibacterial and organic dye degradation properties. Its great stability, low toxicity, and affordability are the reasons. The NPs were synthesized via pulse ablation deposition, sol-gel, and co-precipitation. As a result, researchers are already creating low-cost, straightforward techniques that do not require the use of dangerous materials (Alavi and Karmi, 2018). Antioxidants are essential for preventing food from becoming oxidatively rancid because they scavenge free radicals produced during the oxidation process. Oxidative stress results from metabolic processes that produce free radicals or reactive oxygen species, as well as other processes that exceed a biological system's antioxidant capacity. Oxidative stress is implicated in cancer, heart disease, neurological illnesses, and aging. The antioxidant activity of the leaf extract and NPs was measured by the 1,1-diphenyl-2-picryl-hydrazyl (DPPH) assay with slight modifications, as reported by (Villano et al.) Ascorbic acid was utilized as a positive control. Inflammation has been found to be caused by protein denaturation. There are indications that inflammation happens when living tissues are damaged. Redness, discomfort, heat, swelling, and loss of function in the afflicted area are such symptoms. Electrostatic, hydrogen, hydrophobic, and disulfide connections within the protein structure are all disrupted. Furthermore, the protein loses its molecular structure and functions or becomes denatured as a result of a complicated series of events that include enzyme activation, mediator release, cell migration, tissue disintegration, and repair (Bailey-Shaw et al., 2017). Therefore, it can be concluded that substances can stop these alterations and stop heat-induced or thermally-induced protein denaturation may have therapeutic value as anti-inflammatory agents. By using NSAIDs to stabilize heat-treated BSA as a substitute for animals in the initial steps of non-steroidal anti-inflammatory drug screening. Meanwhile, TiO2 NPs has the application of anti-inflammatory activity (Moyo et al., 2010). The modified Kirby Bauer disc diffusion method was used to examine the antibiotic susceptibility pattern for bacterial culture against the following antibiotics (drug concentration in µl): Gentamycin (30). Gram-positive and Gram-negative bacteria were added to the Mueller-Hinton agar (MHA) plate as supplements (Daniel et al., 2023). In many applications, nanocrystalline TiO2, a well-known semi-conductor with photocatalytic properties, has enormous potential as a self-cleaning and self-disinfecting substance. TiO2 has been widely utilized to eradicate various microorganisms, such as viruses, fungus, and bacteria, due to its chemical stability, broad-spectrum antibiosis, and high photoreactivity. According to an early test, TiO2 NPs are quite effective against Pseudomonas aeruginosa, Escherichia coli, and Staphylococcus aureus. They may also be a safer substitute for traditional antimicrobial and antibacterial drugs. TiO2 NPs have an impact on the membrane channel protein and phosphotyrosine protein levels, which blocks the membrane transport and signaling pathways and ultimately kills the bacterial cells (Deborah et al., 2015). Water has an important role as one of the fundamental requirements of living things and is an essential component of natural resources. Some of the renewable resources in this modern world are becoming polluted nowadays, among these are water resources. Dye wastewater is now a serious environmental hazard. It will become evident that releasing untreated wastewater into streams poses a significant risk to life. It is challenging to fully break down and eliminate these chemicals' complicated structures. Utilizing TiO2 NPs in bioremediation could be an effective method to eradicate toxic dyes (Gjipalaj et al., 2017). The potential of nanostructured materials as catalysts or adsorbents to extract poisonous and hazardous chemicals from wastewater has drawn a lot of attention. Because of its tiny particle size (nanoparticle), TiO2 is particularly effective in eliminating organic pollutants from treated wastewater, but it also presents challenges when separating from water (Santosh kuamr et al., 2015) and (Sathya et al., 2020). Semiconducting particle suspensions have been used in numerous studies on the photocatalytic destruction of pollutants in recent years (Sathya et al., 2020). Among the many benefits of nanomaterials are their high specific surface areas, rapid dispersion, strong reactivity, and sorption capacity for bacteria, heavy metals, and various organic pollutants (Sayan et al., 2013). Many constraints exist with conventional disinfection procedures, but fortunately, new research has discovered a number of sophisticated ways to get around these restrictions by using NPs (Shahid et al., 2015). The simplicity, economic viability, and disinfection effectiveness of these procedures make them highly promising. Several biological remediation technologies, including as phytoremediation, bioremediation, rhizoremediation, and remediation based on nanotechnology, have been successfully developed in the modern day29. However, research gaps were existing pertaining to TiO2 NPs dye degradation property and optimization of its biological activity. Hence the present study focused on preparation of TiO2 NPs by hydrolyzing titanium (IV) isopropoxide and assess the resulting film's photon to current conversion efficiency. TiO2 NPs were prepared in our present study by hydrolyzing titanium (IV) iso-propoxide, which was done by creating TiO2crystalline powders in a single step is the self-hydrolysis of titanium (IV) iso-propoxide. FT-IR, SEM, UV-visible spectroscopy, and characerization techniques were used to investigate the characteristics of the synthesized TiO2 NPs (Ameer and Velukumar, 2023). Therefore, the present study was aimed to synthesis and characterization of TiO2 NP loaded alginate beads and determination of potassium dichromate and AZO dye mixed water remediation property and further evaluation of its biological activity (Thakur and Thakur, 2024) and (Sree Kumari et al., 2015).
2. Material and Methods

Titanium (IV) Isopropoxide (TTIP) was commercially purchased from SRL (India), Isopropanol, Acetic acid, Nitric acid or hydrochloric acid were procured from Qualigens chemicals, (India). 
2.1 Preparation process of TiO2Nanoparticles
All the chemical substances used for the experimental process were analytical reagent grade and they used without auxiliary refinement. The synthesis process of titanium dioxide nanoparticle by the sol-gel method was made through by hydrolysis of TTIP. Initially,5ml of titanium tetra isopropoxide (TTIP) was mixed and added drop by drop slowly with isopropanol solution, the obtained mixture was stirred for 15 minutes, and then 75 ml of deionized water was added drop-wise into this mixture resulting in the formation of white precipitate followed by converted into the white solution. Further solution was stirred thoroughly by controlling its temperatures at 80°C for 1hour.then the 2.5 ml of acetic acid was added drop-wise to this solution and the resulting solution was stirred for about 5 hours. After 5 hours of stirring, 1 ml of nitric acid (HNO3) or the hydrochloric acid (HCL) was added to the obtained solution drop-wise for the peptization and this the hydrolysis process, the resulting solution was allowed to stirred for 2 hours and a gel like substance formed. The formed solution was cooled naturally up to room temperature and dried at 60 °C in the vacuum oven. The obtained powder was grounded in a mortar pestle to make a fine powder and then finally annealed at 500 °C for 3 hours which results in the formation of pure white titanium dioxide Nanoparticle (Bosco et al., 2023).
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Figure 1: Schematic representation of TiO2 Nanoparticle synthesis
2.2 Characterization techniques
To evaluate the chemical interfaces of functional groups were evaluate by Fourier transform infrared (FT-IR) spectra studies using Perkin Elmer RX-1 brand spectrophotometer. The Scanning Electron (SEM) microscope is a valuable system to define the surface morphologies of the as given nanomaterial (Bosco et al., 2023). The optical absorption properties and their related direct and indirect bandgap energy values were organized via UV-Vis diffuse reflectance spectrophotometer (UV-Vis DRS; Perkin ELMER UV/Vis Lambda 19) at the wavelength of 200-400 nm (Bosco et al., 2023) and (Khataee et al., 2009).
2.3 Antioxidant activity
The free radical scavenging potential of chemically synthesized TiO2 NPs was determined using DPPH. The DPPH solution (0.006% w/v) was prepared in 95% methanol. Different concentrations of the TiO2 nanoparticle (20, 40, 60, 80 and 100 µg/mL) was prepared in methanol. 3 ml of different concentration of synthesized Titanium dioxide nanoparticles were mixed with 1 ml of DPPH solution in dark. Ascorbic acid, which is a strong antioxidizing agent is taken as standard, prepared in different concentrations using ethanol (20, 40, 60, 80 and 100 μg/mL). 3 ml of different concentration of standard solution of ascorbic acid was mixed with 1 ml of DPPH solution in dark. The prepared solution of ascorbic acid and TiO2 NPs samples were incubated for 30 minutes and then absorbance was measured using U.V. Spectrophotometer at 517 nm (Mao et al., 2006). Methanol serves as a blank and the experiment was expressed as the inhibition percentage of free radical by the sample and was calculated using the following formula:
                                                                        Optical density of Control – Optical density of Test
DPPH radical scavenging activity (%) =----------------------------------------------------------------------×100
                                                                                 Optical density of Control


2.4 Anti-inflammatory activity 
Dissolved 500 mg of BSA in 100 ml of water, Phosphate Buffer Saline pH 6.3 Dissolved 8 g of sodium chloride (NaCl), 0.2 g of potassium chloride (KCI), 1.44 g of disodium hydrogen phosphate (Na2HPO4), and 0.24 g of potassium dihydrogen phosphate in (KH2PO4) in 800 ml distilled water. The pH was adjusted to 6.3 using 1N hydrochloric acid (HCl) and made the volume to 1000 ml with distilled water. Test solution (0.5ml) consists of 0.45ml of Bovine serum albumin (0.5% W/V aqueous solution) and 0.05 ml of test solution of various concentrations. Test control solution (0.5ml) consists of 0.45ml of bovine serum albumin (0.5% W/V aqueous solution) and 0.05ml of distilled water. Product control (0.5ml) consists of 0.45ml of distilled water and 0.05 ml of test solution. Standard solution (0.5ml) consists of 0.45ml of Bovine serum albumin (0.5% W/V aqueous solution) and 0.05ml of Diclofenac sodium of various concentrations. About 0.05 ml various concentrations (100,200,300,400 and 500 µg/mL) of test drugs and standard drug diclofenac sodium (20, 40, 60, 80 and 100 µg/mL) were taken respectively and 0.45 ml (0.5% W/V BSA) mixed. The samples were incubated at 37°c for 20 minutes and the temperature was increased to keep the samples at 57°C for 3 minutes. After cooling and add 2.5 ml of phosphate buffer to the above solutions. The absorbance was measured using UV-Visible spectrophotometer at 255 nm. The control represents 100% protein denaturation (Ngoepe et al., 2020). The results were compared with Diclofenac sodium. The percentage inhibition of protein denaturation can be calculated as.

                                               Optical density of Control – Optical density of Test
Percentage inhibition  (%) =---------------------------------------------------------------------- ×100
                                                               Optical density of Control


2.5 Antibacterial activity
 To analysis the antibacterial effect towards the Gram-Positive bacteria such as Pneumonia and Bacillus and also the Gram-Negative bacteria such as Escherichia coli (E.coli), proteus as a test bacterium of the TiO2nanoparticle synthesized using sol gel method. Petriplates were prepared by pouring 20 ml of Muller Hinton and the 5 mm diameter wells were cut since the agar by a sterile cork-borer and drying it. After the Plates were dried, 0.1 ml inoculums suspensions were poured and spread uniformly. These inoculums were kept to dried. After drying for 5 minutes, bacterial plates were incubated for24 hours at 37 °C. The inhibition was observed in the plates. The synthesized TiO2 NP sample shows the effect on such Gram-Positive and Gram-Negative Bacteria. Thus, the prepared samples which possess the antibacterial property. Antibacterial activity was evaluated by the diameter of zone of inhibition (ZOI) in mm range against the bacteria and the DMSO were used as solvent control (Mizushima et al., 1968) and (Molyneux P., 2004).
2.6 Preparation of titanium dioxide nanoparticles based alginate beads 
The 2g of sodium alginate was weighed and dissolved in the 100 ml of double distilled water mixed with 100 mg of titanium dioxide NPs. It was introduced dropwise from a glass syringe with a size-22 needle into 100 ml of an aqueous calcium chloride solution being stirred at 400 rpm. The concentration of calcium chloride in the solution for 4 gram. The stirring was continued for one hour and the calcium alginate beads was harvested by filtration, washed with distilled water, and air dried overnight (Ramesh et al., 2012) and (Rikta., 2019).
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Figure 2: Photographic image of Titanium dioxide nanoparticles (a) Wet, (b) Dry and (c) Size based alginate nanobeads.
2.7 Potassium dichromate remediation property:
The prepared bead was evaluated as environmental remediation agents using batch experiment for the removal of the k2Cr2O7. The similar trend was observed in the case of turbidity water (Thakur, 2023) and (Sree Kumari et al., 2015).
2.8 Preparation of standard k2Cr2O7 Solution (sample-1)
Stock solution of potassium dichromate was prepared by weighing 100 mg of the potassium dichromate (k2Cr2O7) and dissolved in 100 ml of double distilled water.
2.9 Preparation of standard AZO dye solution (sample-2)
Stock solution of AZO dye solution was prepared by 100 mg of AZO dye was weighed accurately and dissolved in 100 ml of double distilled water.
2.10 Assessment of potassium dichromate remediation:
Methods to check water purification
Testing water quality is essential to ensure its safe for domestic, drinking purposes and other purposes. The following methodology was adopted to check the water purification.
(1) Turbidity test  
It measure water clarity by checking suspended particle using calorimeter at 540 nm.A calorimeter is a laboratory instrument used to measure the concentration of a substance by analyzing its color intensity.
(2) pH test
Determine the acidity and alkalinity of water sample using pH meter.
(2) TDS [Total Dissolved Solid] test
Measure the total concentration of dissolved solids using a TDS meter.
3. Results and Discussion
Ultra violet – visible ( UV-Vis) absorption spectra analysis
Titanium dioxide (TiO2) nanoparticles' UV-Vis spectrum is displayed in Figure 3."UV-Vis Transmission(%T)" on the y-axis and "wavelength (nm)" on the x-axis of a graph. Transmittance (%) is seen in the spectrum as a function of wavelength (nm). At 298.5 nm, a peak with a transmittance of 49.367 percent is seen. The significant UV absorption of titanium dioxide nanoparticles, usually below 400 nm, is well recognized. The longer wavelength region appears to have higher transmittance, according to the overall trend (Alavi and Karmi, 2018) and (Bosco et al., 2023).
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Figure 3: UV-Visible spectra of synthesized Tio2 nanoparticles
3.1 FT-IR spectra analysis
The graphic displays the TiO2 NPs Fourier Transform Infrared Spectroscopy (FT-IR) spectrum. Titanium dioxide NPs infrared absorption properties are shown in figure 4. The transmittance (%T) is represented by the y-axis, and the wavenumber (cm-1) is represented by the x-axis.which features characteristic peaks at wavenumbers of 1382.37 (cm-1), 1161.35 (cm-1), 1126.54 (cm-1), 812.67 (cm-1), 615.00 (cm-1), 1629.66 (cm-1), 1462.27 (cm-1), and 3358.33 (cm-1)3. The peak 3358.33 (cm-1) indicates the presence of hydroxyl groups by indicating O-H stetching vibrations. The stretching vibration of the C-H (alkyl group) is 2972.44 (cm-1), the C=C (alkene group) is 1629.66 (cm-1), and the methylene group may have -CH2-stretching vibrations, as shown by 1462.27 (cm-1). CH3 (methyl group) has a stretching vibration of 1382.37 (cm-1), while C-O-C (ether linkage) has a stretching vibration of 1161.35 (cm-1). 1126.54 (cm-1) indicates that the Ether group contains C-O stretching vibrations. The stretching vibration of C-H (Aromatic group) is represented by 812.67 (cm-1), and the composition of the nanoparticle is confirmed by the Ti-o-Ti stretching vibrations in Titanium dioxide, which are represented by the 615.00 (cm-1) peak (Alavi and Karmi, 2018) and (Bosco et al., 2023)
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Figure 4: FT-IR spectra of synthesized TiO2 Nanoparticles
3.2 Scanning Electron Microscope (SEM) analysis
SEM analysis was used to determine the surface morphology and microstructures of the as-synthesized TiO2 NPs. A representative image obtained at 40,000× magnification depicts spherically shaped aggregated TiO₂ NPs. The particles appear clustered, suggesting strong particle-particle interactions, either as a result of van der Waals forces or surface hydroxyl groups. The scale bar is 200 nm, and individual nanoparticle sizes seem to be in the 20–50 nm range (Ameer and Ramya., 2023) and (Bosco et al., 2023).
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    Figure 5: SEM images of TiO2 Nanoparticles
3.3 Antioxidant activity
The DPPH antioxidant assays determine the relative ability of antioxidant for chemically synthesized TiO2 NP to scavenge the free radicals generated in the reaction mixture. Fig.6. represents the in-vitro DPPH radical scavenging effect of the synthesized TiO2 NPs scavenge the free radical at dose dependent manner. The TiO2 NP (concentration ranges from 20-100 µg/ml) shows the potent DPPH radical scavenging activity (ranges from 72%) by neutralizing free radicals in the reaction mixture. The antioxidant effect of the NP on DPPH radical is mainly relies on their hydrogen donating capacity. Radical like DPPH scavenging mechanism is widely accepted one for antioxidant activity screening of TiO2 NP. In this DPPH assay, the DPPH radical in the reaction mixture is reduced from violet colour to yellow coloured diphenyl picryl hydrazine product by the action of the nanoparticle on dose dependent manner. DPPH radical scavenging assay method has been used by several researchers to determine the antioxidant properties because this analysis requires relatively very short time finding of our study revealed that chemically synthesized TiO2 NP had DPPH free radical scavenging activity when compared to standard ascorbic acid. The obtained data suggest that TiO2 NPs effectively scavenge the free radicals because of its capacity to transfer electrodonor donating hydrogen ions (Ngoepe et al., 2020) and (Pinto et al., 2020).
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Figure 6: Antioxidant activity of TiO2 Nanoparticles, Data represented as mean ± SE (n=3)
3.4 Anti-inflammatory activity
The anti-inflammatory activity of the TiO2 NP is depicted in figure.7. The chemically synthesized TiO2 NP shows significant anti-inflammatory activity at dose dependent manner. The activity is compared with diclofenac sodium, a standard anti-inflammatory drug. The TiO2 NP at the volume of 20-100µl shows 63% inhibition of protein denaturation. In the development of some arthritic diseases, denaturation of the proteins found in the tissues may cause the auto-antigen production, which causes the tissue injury. Hence denaturation of tissue protein is thought to be a significant clinical marker for tissue inflammation and disease like arthritis. Protein denaturation preventing agents could be potential candidate for the development of anti-inflammatory drugs. In view of this point, in the current study, the protein denaturation bioassay study was selected to assess the in-vitro anti-inflammatory activity of TiO2 NP with a wide range of dose concentrations. The data obtained from the present findings shows that the chemically synthesized TiO2 NP exhibit dose dependent inhibition of protein denaturation. The increased absorbance in TiO2 NP and the standard drug indicates the inhibition of protein denaturation (increase the protein stabilizing activity) with increased concentration (Priyanka et al., 2016) and (Deborah et al., 2015).
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Figure 7: Anti-inflammatory activity of TiO2 Nanoparticles, Data represented as mean ± SE (n=3).
3.5 Antibacterial activity 
The agar well diffusion method was performed against the Gram-positive bacterium such as Bacillus sublitis, Enterococcus sp. and Gram-negative bacterium such as Escherichia coli, Klebsiella pneumonia and Proteus. When the chemically synthesized titanium dioxide NPs were tested against pathogenic bacterial strains at varying concentrations (50, 75, and 100 mg/ml). The zone of inhibition Table.1 indicates that synthesized TiO2NPs displayed antibacterial activity of pathogenic strains of the maximum activity found at 100 µg. The synthesized TiO2NPs Bacillus sublitis (19mm), Enterococcus (20mm), E. coli (21mm), Proteus (17mm), Klebsiella pneumonia (21mm) respectively. Antibacterial activity was evaluated by the diameter of zone of inhibition (ZOI) in mm range against the bacteria and the DMSO were used as solvent control. The maximum zone of inhibition (21 mm) was observed in the TiO2NPs against E. coli and Klebsiella pneumonia at the concentration of 100 µg/ml were shown in Table.1 (Alavi and Karmi, 2018), (Ahmad, N. S. et al., 2020)  (Figure 8).
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Figure 8: Zone of Inhibition of TiO2 Nanoparticle
3.6 Table 1. Antibacterial activity of TiO2Nanoparticles
	S . No
	Organisms
	Positive control(mm)
Gentamycin 
	Zone of Inhibition

	
	
	
	   50
µg/ml
	75
µg/ml
	100
µg/ml

	1.
	Bacillus sublitis
	22mm 
	11mm
	15mm
	19mm

	2.
	Enterococcus
	21mm 
	11mm
	17mm
	20mm

	3.
	Proteus
	21mm 
	13mm
	16mm
	17mm

	4.
	Escherichia coli
	23mm 
	17mm
	19mm
	21mm

	5.
	Klebsiella pneumoniae 
	25mm 
	13mm
	17mm
	21mm


All experiments were performed in triplicate (n=3).

3.7 Water purification by TiO2 Nanoparticles

TiO2 nanobeads were made in accordance with the literature that was accessible, and because of their strong photocatalytic activity, they were employed to purify water. the capacity to break down organic pollutants and have antibacterial qualities. By combining the processes of oxidation and photocatalysis adsorption, these nanobeads aid in the removal of pollutants. Data on the efficacy of water treatment, particularly for a sample containing potassium dichromate, is shown in sample 1. Using measurements of pH, TDS, and optical density at 540 nm, it contrasts the water quality before and after treatment30, 31. This experiment involves purifying water using alginate nanobeads based on TiO₂ NPs (Thakur and Thakur, 2024), (Sree Kumari et al., 2015). According to the data, the treatment method has following effects:
Sample- 1: potassium dichromate
1. pH Analysis: 
Based onthe results pH increased from 5.9 to 6.1, indicating a slight neutralization.
2. TDS Analysis:
The TDS decreased from 529 ppm to 138 ppm, indicating that dissolved solids, likely heavy metal pollutants had been significantly removed.
3. Optical Density Analysis:
A decrease in optical density from 0.05 to 0.02 suggests a decrease in turbidity or chromate content.
Sample 2 provides information on the efficacy of water treatment, particularly for a sample that contains AZO color. By measuring pH, TDS, and optical density at 540 nm, it compares the quality of the water before and after treatment.
Sample 2: AZO dye water solution
1. pH Analysis
The pH increased from 6.5 to 6.8, indicating a slight shift toward neutrality.
2. Total Dissolved Solids (TDS) Reduction
TDS was reduced by 50%, from 876 ppm to 438 ppm...This suggests the efficacy of the treatment in eliminating dissolved materials, most likely color molecules, salts, and other pollutants.
3. Optical Density (OD) Reduction
Optical Density dropped from 0.72 to 0.47, which means a 34.7% reduction in color intensity.
This is consistent with the well-known photocatalytic and adsorptive capabilities of TiO2-alginate nanobeads, which can absorb heavy metals via the binding ability of alginate and breakdown pollutants when exposed to light.
3.8 Table 2.  (a) Sample- 1 potassium dichromate
	Sample 1 (potassium dichromate)

	Test 
	Before Treatment 
	After Treatment 

	pH 
	5.9 
	6.1 

	TDS 
	529 ppm 
	138 ppm 

	Optical density 
	0.05 
	0.02 



3.9 Table 3. (b) Sample- 2water with AZO dye
	Sample 2 (AZO dye water)

	Test 
	Before Treatment 
	After Treatment 

	pH 
	6.5 
	6.8

	TDS 
	876 ppm 
	438 ppm 

	Optical density 
	0.72 
	0.47 


All experiments were performed in triplicate (n=3).
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  Figure 9: Water purification by TiO2 Nanoparticles based alginate beads










4. Conclusion
In conclusion, TiO₂ NPs synthesized using sol gel approach was structurally characterized by UV-Vis absorption spectra confirm their UV-blocking capabilities by showing high absorption below 400 nm. The presence of metal oxide linkages within the NPs was confirmed by the Fourier-transform infrared (FTIR) spectroscopy data, which provided crucial chemical characterization. The calculated crystallite size, according to the SEM examination, is 22.2 nm.  This titanium dioxide nanoparticle exhibits potent antioxidant ability by scavenging free radicals and exhibit strong anti-inflammatory effect against protein denaturation. The TiO₂ NP also exhibits strong antibacterial activity against various microorganisms, including both gram-positive and gram-negative bacteria. This work also showed that significant elimination of potassium dichromate by entrapped TiO₂ NPs beads in a batch experiment indicated that it will be the best to remove the pollutants in near future in the market. This study confirms that TiO₂-alginate nanobeads are effective in water purification, particularly in removing heavy metals and organic dyes. The combination of adsorption and photocatalysis significantly improves water quality, making these nanobeads a promising approach for waste water removal. Further optimization of this study helpful its potential usage in biomedical applications and environmental remediation.
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