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Abstract
Pure SBA-15(Santa Barbara Amorphous-15) nanoparticles have been synthesized by Hydrothermal process using TEOS (Tetraethyl orthosilicate), pluronic P123.Furthermore, the hybrid SBA-15has been synthesized using TEOS (Tetraethyl orthosilicate), pluronic P123 and Terbium(III) nitrate hexahydrate [Tb(NO 3) 3(H 2O) 4]·2H2O].The synthesized nanoparticles were characterised by various spectroscopic techniques (XRD) X-ray diffraction, (FTIR) Fourier transform infrared spectroscopy, and (TEM) transmission electron microscopy. The results of this study demonstrate that doping such as Tb+3, into SBA-15 significantly improved the surface area and porosity of the nanoparticles. Moreover, the increased surface area and porosity of the doped nanoparticles improved their adsorption capacity. Furthermore, the synthesized compounds were evaluated for antibacterial and antifungal activities against Staphylococcus aureus (NCIM 2901), Escherichia coli (MTCC 732) and Aspergillus niger (MTCC 9933). The doped hybrid nanoparticles were found to be more active than the pure SBA-15.
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Introduction
Nanoparticle-based materials absorb solar energy in solar cells more effectively than thin films formed of materials [1-3]. Additionally, these nanoparticles can be used for renewable energy storage [4]. Because of their small size, titanium dioxide nonporous particles have a microscopic ability to self-clean [5], and the resulting hydrophilicity increases the efficiency of solar cells and their photo stability [6]. Mesoporous nanoparticles are particles having a diameter between 10 nm and 100 nm. Nanoparticles are solid materials with pores ranging in size from 1 nm to 100 nm that allow organic and inorganic compounds to be adsorbed or dissolved [7]. The link between bulk materials and atomic structures is formed by nanoparticles, which provide a variety of properties that differ from those of bulk materials. Since the physical characteristics of bulk materials are usually size dependent, these characteristics cannot be changed by varying temperature, pressure, or acidity [8]. However, size dependent characteristics are observed at the nanoscale; without affecting the material’s chemical characteristics, it is possible to change a material's physical characteristics, such as its boiling point, melting point, and magnetic properties. Utilizing this ability, we can now synthesise different products that were previously impossible [9]. Today, different metal or non-metal doped nanostructures are synthesised using copper, zinc, titanium, magnesium, gold, and silver [10]. This phenomenon has made way for a whole new era of nanostructured materials that have opened the doors to new and innovative applications in fields such as medicine, energy storage, catalysis, optoelectronics, and even the food industry Tetraethyl orthosilicate is used to synthesise mesoporous silica nanoparticles. An extra polymer monomer is employed with tetraethyl orthosilicate [14]. The use of this precursor decreases aggregation and ensures a more uniform sphere.  Mesoporous silica nanoparticles have a high pore volume, a large pore size, and a greater surface area [15]. There are three different kinds of MSN particles (a) ordered mesoporous nanoparticles (b) Hollow or rattle-type mesoporous nanoparticles(c)mesoporous nanoparticles with a core-shell structure [16]. Ordered mesoporous nanoparticles are uniformly distributed and have a uniform pore size.  They are arranged logically [17]. Due to their appealing features and potential for detecting air pollution produced by VOCs, hybrid mesoporous nanoparticles have developed a lot of interest [18]. Because of their appealing properties such as uniform distribution and pore size, as well as their potential for detecting air pollution caused by volatile organic compounds (VOCs), hybrid mesoporous nanoparticles have sparked a lot of interest. Nanomaterial research has gotten a lot of attention in the last several decades. Some examples of mesoporous compounds are SBA-15 and MCM-41. SBA-15 is a two-dimensional array of hexagonal pores with long one-dimensional channels. This nanostructure offers a unique combination of features, such as an exceptionally large internal surface area and regular pore structure, that are highly beneficial for a wide range of applications. Silica nanoparticles (SNs) with an improved strategy that exhibit controlled size, high biocompatibility, biodegradability, and stability under physiological circumstances constitute interesting platforms for biological application [20].  Recent studies have suggested that SBA-15 nanoparticles provide a much more versatile platform than MCM41. Biological synthesis uses the metabolic pathways of living organisms to create nanoparticles that can be used in medical treatments, such as gene delivery and drug delivery. Co-precipitation has been used to create nanomaterials for electronics, catalysts, and other industrial applications [21]. All of these methods have been used to synthesise nanoparticles for various applications, from biomedical treatments to materials science and industrial uses [22]. Hydrothermal synthesis has been used to synthesise carbon nanotubes, quantum dots, and other nanostructures. Furthermore, they have possessed various antibacterial and antifungal properties.
 2. Experimental Work
 2.1Materials and methods:
 All the chemicals used TEOS(Tetraethylorthosilicate), pluronicp123 (EO20PO70EO20), Terbium(III) nitrate hexahydrate [Tb (NO 3) 3(H 2O) 4] ·2H2O] were purchased from Sigma-Aldrich. The solvents used (hydrochloric acid and distilled water) were of analytical grade.
2.2 instrumentation:The structural morphologies of the synthesised samples were investigated using powder X-ray diffraction plots, which were recorded using X-Ray Diffractometer (Rigaku Ultima –IV). The mesoporous framework of the sample and pores structure were examined using TEM and Tests were conducted on a Talos (Thermo Fisher scientific) electron microscope operating at 200kv. FT-IR spectra was taken using a FTIR ( Perkin-Elmer 580 B ) in the 4000–400 cm-1 range.
2.3 Procedure
2.3.1 Synthesis of pure mesoporous SBA-15 [A]
The pure mesoporous SBA-15 has been synthesized by the following method: P123 was first stirred in 65 ml of distilled water at 40 °C and agitated for 30 minutes to obtain the product. It was continuously stirred to dissolve the resulting solution in hydrochloric acid at 40 °C. After obtaining a clear, transparent solution, 4.6 ml of TEOS was added. The mixture was kept at 40 °C with continuous stirring for two hours. The mixture was then cooled to room temperature and poured into a beaker. After acquiring the solid product, it was filtered, washed with distilled water and ethanol, and dried. The hydrothermal treatment was completed in an autoclave for 24 hours at 108 °C. Afterwards, the product was removed from the autoclave, cooled to room temperature, and centrifuged 3–4 times at 500 rpm with distilled water. The solid material was collected by filtration, washed again with distilled water and ethanol, and dried in an oven at 80 °C overnight. The product was calcined for 4 hours at 500 °C inside a furnace, yielding the SBA-15. The scheme for the synthesis of the compound A is represented in scheme 1. 
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 Scheme 1.  Schematic representation of synthesis of Mesoporous nanoparticles
2.3.2 Synthesis of SBA-15 doped with 5% Tb [B]
The synthesis of 5% Tb+3-doped silica nanoparticles (SNs) was performed by the hydrothermal method. P123 was first stirred in 65 ml of distilled water at 40 °C and agitated for 30 minutes to obtain the product. Continuous stirring was used to dissolve the resulting solution in hydrochloric acid at 40 °C. After obtaining a clear solution of 0.085 g of Tb (NO3), 5 H2O was added to the clear solution, and then TEOS was added dropwise as a silica source. The mixture was then cooled to room temperature and poured into a beaker. After acquiring the solid product, it was filtered, washed with distilled water and ethanol, and dried. The hydrothermal treatment was completed in an autoclave for 24 hours at 108 °C. After the autoclave treatment, the resulting product was cooled to room temperature. The solid material was collected and centrifuged 3–4 times at 500 rpm with distilled water. The solid product was then dried in the oven overnight at 80 °C. The product was calcined for 4 hours at 500 °C inside a furnace. SBA-15 doped with 5% Tb+3 was obtained. 
2.3.3 Synthesis of SBA -15 doped with 10%Tb [C]
The hydrothermal method was used to create silica nanoparticles that are 10% Tb+3 doped. P123 was initially solubilized in 65 ml of distilled water at 40 °C and stirred for 30 minutes to produce the result. The resultant solution was dissolved in hydrochloric acid with constant stirring. After this, 0.17 g of Tb was added to the solutions. After 30 minutes of stirring, TEOS was added to the solutions. Then the solution was put on a magnetic stirrer for 24 hours. The stirring caused a chemical reaction between the Tb and TEOS, which resulted in the formation of nanocrystals After acquiring the solid product, a 24-hour hydrothermal treatment was completed at 108 °C in an autoclave. The hydrothermal treatment altered the size, shape, and morphology of nanocrystals and helped with crystallisation. The solid product was then filtered and washed to remove the uncrystallised Tb-TEOS precursors. The solid material was collected and centrifuged 3–4 times at 500 rpm with distilled water.                          
                                       [image: ]
                                Figure 1: Hybrid Mesoporous nanoparticles (Tb SBA-15)
The solid product was then dried in the oven overnight at 80 °C. After the solid product had been collected, it was centrifuged at 500 rpm with distilled water three to four times to remove any impurities. The solids were calcined at 500 °C for 4 hours to produce the Tb+3 doped nanoparticles. The hybrid mesoporous compound formed and the silica mesoporous nanoparticles formed are shown in figure 1 and figure 2 respectively.
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Figure 2: Formation of Silica Mesoporous nanoparticles

2.4 In Vitro Antimicrobial Activity
 The samples prepared were screened for in vitro antimicrobial activity using serial dilution method against bacterial and fungal strains for evaluating the minimum inhibitory concentration. Nutrient broth and Sabouraud dextrose broth were applied as growth mediums for the bacteria and fungi, respectively. The nutrient medium was placed in test tubes containing 1 ml of nutrients that were autoclaved for 30 minutes at 121 °C. Stock solutions of the test compound at a concentration of 100 g/ml were prepared in DMSO. A set of six dilutions of the compounds with concentrations of 50, 25, 12.5, 6.25, 3.12, and 1.56 g/ml were prepared by serial dilution the of the compound (1 ml) in test tubes with sterile nutrient growth. Each test tube received 100 μg/mL of freshly cultured strain in normal saline, which was then added for inoculation. The test tubes were then incubated at 37 °C for 24 hours for bacterial strains and at 25 °C for 7 days for fungal strains. After the incubation period, the test tubes were examined for their growth, and the minimum inhibitory concentrations (MICs) were recorded. ciprofloxacin and   Fluconazole were used as standard drugs for analysing antibacterial and antifungal activity, respectively. After the MICs were recorded, the antibacterial and antifungal activity of the compounds were compared to those of the standard drugs. The compounds were tested three times, and the concordant MIC values were calculated.
3. Results and Discussions
3.1 X- ray diffraction
The structure and morphology of SBA-15 have been examined using XRD. X-ray diffraction (XRD). Four diffraction peaks (100), (110), (200), and (210) appear in the spectrum. These peaks indicate the presence of crystalline silica and correspond to the (100), (110), (200), and (210) planes of the SBA-15 structure. The peak positions and intensities of these peaks indicate a highly crystalline and well-ordered SBA-15 mesostructure with uniform pore size [23]. The peaks determine the hexagonal structure of the prepared compounds. The XRD pattern of the synthesized compounds is shown in figure 3.  
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              Figure 3: XRD pattern of compounds A-C
 3.2 Fourier Transform Infrared
The synthesized compounds were also characterized by FT-IR technique. The broad band between 3020 cm-1 and 3730 cm-1 is due to the existence of OH and Si-OH groups on the surface of the nanoparticles. This demonstrates that the presence of such hydroxyl groups can lead to significant structural and optical modifications in the nanoparticles. The strong infrared absorption band around 1080 cm-1 is due to the (Si-O-Si) stretching vibration. This band is generally attributed to the stretching vibration of the Si-O-Si bond in silica and is strong evidence for the presence of surface hydroxyl groups on nanoparticles [24]. The characteristic bands around 1370–1620 cm-1 are due to bending vibrations of the OH (hydroxyl group), and the bending vibrations can occur either in the same plane or out of plane. The intense, sharp bands around 474 cm-1 are unique to this group of compounds and provide evidence of the presence of the Tb-O-Si linkages. The FTIR spectra is given in figure 4. These results could be very important for the productivity of biomaterials in biological systems as well as for their high chemical stability under different conditions. The presence of these linkages provides additional evidence that biomaterials with Tb-O-Si linkages are stable under different conditions, can offer superior properties compared to materials without doping, and indicates increased molecular stability and resistance to degradation. These results indicate that silica had been successfully coated on the surfaces of terbium nitrates.
[image: C:\PHD FOLDER\XRD AND FTIR GRAPH OF SBA -15 FROM ORIGIN SOFTWARE\FTIR graph of SBA -15.jpg]
 			Figure 4: FTIR spectra of compounds A-C
3.3 TEM Analysis
Transmission electronic micrographs were used to study the pore geometry of the nanoparticles. The samples were spread out in ethanol and deposited on Carbon coated copper grids. The results of the TEM experiments were used to confirm the differences in structure and microstructure between the materials. The highly porous and hollow structure is visible in Figure 5(b) which depicts hexagonal nanoparticle arrangements.  Figure 5(c) demonstrates that the fabrication method used was successful in producing this unique structure. The TEM images of the samples demonstrated that the samples have unique features, such as highly porous and hollow structures, as well as hexagonal arrangements of nanoparticles.
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Figure 5(a): TEM images of Mesoporous SBA-15
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Figure 5 (b): Hexagonal arrangement of particles  
Figure 5 (c): Porous structure of the compound
The results of the TEM experiments indicated that both materials were composed of interconnected nanoparticles with different lattice constants According to TEM images (Figure 5d and 5e), the Tb+3 ions were detected inside the silica frameworks, interacting with the Si-O-Si linkages, which further confirmed the formation of the framework [25].
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Figure 5d: SBA-15 with doped Tb
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Figure 5e: Tb doped nanoparticles
3.4 Evaluation of Antimicrobial Activities
The synthesized compounds (A-C) were tested in vitro for biological activity against the bacteria S. Aureus, E. Coli, and the fungi A niger (antibacterial and antifungal properties). Ciprofloxacin and fluconazole were commonly used drugs for antibacterial and antifungal activity [26]. The serial dilution method was used to detect antimicrobial activity. The antimicrobial activity data are presented in Table 1 as MIC (minimum inhibitory concentration μm/ml).
Table 1: Antimicrobial activity of synthesized compounds (μm/ml)
	Compound
	pMICsa
	pMICec
	pMICan

	A
	1.346
	1.667
	2.031

	B
	1.735
	1.812
	2.131

	C
	1.893
	1.987
	2.25

	Std.
	2.61
	2.61
	2.64



It was clear from the data that compounds which are doped with tb+3 were significantly more active than pure SBA-15. The chelation theory states that chelation causes complexes to become more influencing, effective, and intoxicating because it tends to formulate ligands to function as more influential and better antimicrobial agents, which can explain why the antimicrobial activity of synthetic complexes has increased. It was seen that the compound C showed maximum activity against the bacterial and fungal strains. It was also concluded that Tb+3 doping increased the potency against fungal strains due to the chelation effect. This is due to the fact that the Tb+3 doping increases the effective binding ability of the complexes, allowing for more efficient chelation of the ligands to form a tighter bond, leading to increased antimicrobial activity [27].
4. Conclusions 
[bookmark: _GoBack]Using a hydrothermal method, pure and hybrid sns with Tb+3 doped with 5% and 10% have been successfully synthesised and characterised using various analytical techniques such as transmission electron microscopy (TEM), X-ray diffraction (XRD), and Fourier transform infrared spectroscopy (FTIR). XRD results show that mesoporous pure SBA-15 nanoparticles and Tb doped nanoparticles have orderly hexagonal pore patterns. The XRD pattern showed an increase in the intensity of the peaks for Tb-doped SBA-15 nanoparticles compared to pure SBA-15 nanoparticles, indicating an increased crystallinity due to doping. The results of these analyses revealed that the Tb+3 doped nanoparticles showed a larger pore size compared to pure SBA-15. TEM images indicated that Tb doped nanoparticles were successfully synthesised by the hydrothermal method. TEM images of pure and doped nanoparticles showed their hexagonal shapes with uniform sizes. FTIR results also show that Tb+3 ions have been introduced to SBA-15. FTIR spectra showed the presence of silanol and hydroxyl groups on the surfaces of both pure and Tb-doped SBA-15 nanoparticles, confirming the successful synthesis. In addition, the average particle size of the Tb-doped SBA-15 nanoparticles was larger than that of pure SBA-15 nanoparticles, as revealed by transmission electron microscopy (TEM) analysis. Furthermore, the Tb+3 doped nanoparticles had greater thermal stability and a higher surface area than the pure SBA-15, indicating that the Tb+3 doped nanoparticles may have a more efficient adsorption capacity. These results suggest that the Tb+3 doped SBA-15 nanoparticles are well-suited for adsorption applications, such as water purification and wastewater treatment. In addition, the large particle size of the Tb-doped SBA-15 nanoparticles allows them to carry a larger amount of drug and, thus, have more efficient drug delivery than the pure SBA-15. This suggests that the Tb+3 doped SBA-15 nanoparticles could be used in multiple industries for a variety of purposes, including energy storage and conversion, water treatment, and environmental remediation. Additionally, the research indicates that the Tb+3 doped SBA-15 nanoparticles are capable of withstanding high temperatures and can therefore be used in a variety of processes requiring high temperatures. The compounds were found to be potent against various microbial strains.
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