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      TiO2-NPs were proven to be effective antibacterial agents. In this work, hydrothermal processing was used to synthesize TiO2-NPs, and 

their photocatalytic, and antibacterial activities were investigated. In addition, this research has explored the effects of magnetic field in the 

hydrothermal synthesis of TiO2-NPs. FE-SEM, UV-VIS, EDX, and XRD were used to analyze the TiO2-NPs. The use of a magnetic field in 

the hydrothermal synthesis of TiO2-NPs (Treated) has led to the successful formation of TiO2 nano rode in shape compared with untreated 

particles (No magnetic field) which exhibit no definite shape. Antibacterial activities were performed against two of the most important 

bacteria strains that cause disease in humans: Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli). The treated TiO2-NPs 

exhibited enhanced antibacterial activity when compared with untreated TiO2-NPs samples. The treated TiO2-NPs show a greater efficacy 

on antibacterial properties compared to the untreated TiO2 NPs. In addition, the photocatalytic activity of TiO2-NPs has been investigated by 

applying the photodegradation of the methylene blue (MB) method using UV light under neutral conditions. The findings have proved that 

the degradation efficiency of MB dye in an aqueous solution has been affected by the irradiation time. Also, treated TiO2-NPs had a high 

photodegradation efficiency of 96% of the dye after 3 hours compared with untreated samples recorded at only 21%.  
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INTRODUCTION 
 

      The environment around people has gotten worse as a 

result of different contagious illnesses, which are mostly 

carried by bacteria. Microbes harm the environment, the 

health sector, the food sector, and the textile sector. The 

greatest method to reverse this harm was to develop the best 

and most effective antibacterial agent available. The 

antibacterial properties of nanoparticles, in particular metal 

oxide nanoparticles, assist to eliminate the harm caused by 

germs [1]. These substances were divided into two 

categories, namely organic and inorganic substances [2]. In 

comparison to the other two classes, inorganic materials have  
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shown exceptional resistance to microorganisms [3]. Even at 

low concentrations, metal oxide nanoparticles have strong 

antibacterial action. Numerous inorganic oxides showed 

strong antibacterial action, including TiO2, Al2O3, ZnO, CuO, 

CuO, MgO, Ag2O, and CaO [4,5]. With a high band gap of 

3.2 eV, titanium dioxide (TiO2) is a superior photocatalyst 

that is employed in semiconductor applications [6,7] and dye-

sensitized solar cells [8]. Due to their generation of ROS 

when exposed to UV radiation, they have a significant impact 

on stopping the development of bacteria [9]. They work         

well as an antibacterial agent. Because of its superior 

biocompatibility and photocatalytic capabilities, TiO2 has 

become more widely employed. The formation of reactive 

oxygen and nitrogen species during the oxidation and 

reduction of H2O was discovered to be the key step in           

many   photocatalytic   reactions.  When  it  comes  to   TiO2  
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nanoparticles, this is unquestionably true. The ability of TiO2 

nanoparticles to produce Reactive Oxygen Species (ROS) 

has been linked to their antibacterial and photocatalytic 

characteristics [10,11]. The accumulation of bioproducts on 

TiO2 surfaces can significantly increase ROS production, 

leading to enhanced photocatalytic and biological activity 

[12]. They also work well as anticancer agents because 

cancer cells have propensity to produce an excessive amount 

of reactive oxygen species when exposed to them [13]. 

      Most substances react to magnetic fields by forming their 

own magnetic fields. Every substance has its unique 

magnetism, which is one of its primary physical 

characteristics. There are three different types of magnetism: 

diamagnetism, paramagnetism and ferromagnetism. 

Examples of compounds with ferromagnetic characteristics 

include iron and nickel. Materials that are drawn to magnetic 

fields are known as paramagnetic materials; an example of 

this is oxygen gas. Materials that are unaffected by magnetic 

fields are known as diamagnetic materials. This category 

includes water. These magnetic characteristics result from 

the material's magnetic susceptibility or magnetic energy 

density. It follows that the physical characteristics, which 

may be utilized to regulate physical and chemical processes, 

would be affected by the magnetic field [14]. Four different 

categories of effects caused by magnetic fields have been 

established: the magneto-thermodynamic effect, the quantum 

effect, the magnetic force, and the magnetic torque and 

alignment [15,16]. Since high magnetic fields are important, 

considerable research on the effects of magnetic fields in 

regulating chemical and physical processes was conducted in 

Japan between 1992 and 1994. According to a study titled 

"Innovative Utilization of High Magnetic Field," several 

intriguing occurrences that are difficult to notice in low 

magnetic fields have been seen [17]. It is important to note 

that even diamagnetic materials can be affected by these 

chemical and physical processes. 

       TiO2 nanoparticles were synthesized using a variety of 

techniques, including chemical [18], radiation [19], 

electrochemical [20], and photochemical processes [21]. 

Hydrothermal synthesis of nanoparticles has received 

considerable attention in recent years because nontoxic 

chemicals, anticancer, antibacterial, antiviral, diagnostic, 

targeted drug delivery, environmentally friendly solvents, 

and    renewable     materials   are    becoming    increasingly 

 

 

necessary [22-24]. The maintenance of microbial cultures is 

a labor-intensive procedure; thus, the hydrothermal synthesis 

of nanoparticles is more favorable since it can be 

appropriately expanded for large-scale nanoparticle 

synthesis. If the nanoparticles could be produced more 

quickly in the reaction vessels, hydrothermal synthesis would 

be more commercially viable. One of the most frequent 

methods for the synthesis of nanoparticles under high 

temperature and pressure is hydrothermal [25]. The 

advantages of the hydrothermal synthesis approach include 

high-crystallized powders with narrow particle size 

distribution, high purity, and process conditions such as 

solute concentration, as well as the ease of large-scale 

manufacturing [26]. 

      In the current work, treated and untreated TiO2-NPs were 

synthesized using hydrothermal method. The nanoparticles 

were characterized using XRD, FE-SEM, EDX, and UV-Vis 

spectroscopy. The antibacterial nature of the treated and 

untreated TiO2-NPs was evaluated against gram-positive and 

gram-negative bacteria using well diffusion method. In 

addition, the photocatalytic activity of synthesizes TiO2-NPs 

has been evaluated. 

 
MATERIALS AND METHODS 
 
Materials 
      All the materials used in the current research were 

acquired from Sigma -Aldrich Chemicals which are: 

Titanium tetra isopropoxide (TTIP) with M.Wt =                        

284.2 g mol-1, purity = 97%) and potassium hydroxide 

(KOH). A Handheld Gauss Meter tesla meter was used to 

measure the applied magnetics strength. 

 

Hydrothermal Synthesis of TiO2-NPs under 
Magnetic Field  
      By using a hydrothermal process, titanium dioxide 

nanoparticles under magnetic fields (treated TiO2-NPs) have 

been synthesized. 50 ml of a 0.1 M TTIP solution was placed 

inside a cold-water bath till the temperature range of (3-5 °C) 

was obtained. After that, 5.0 M KOH was gradually added to 

the cold solution until pH 7.0 was achieved. Then, the 

obtained mixture was transferred to a Teflon autoclave and 

then subjected to a temperature of about 160 °C for 5 h. Then, 

the solution mixture was then placed under a magnetic  field  
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(3.25 Tesla). Then, the solution was centrifuged at speed of 

5000 rpm for 10 to 15 min and then rinsed with distilled water 

to get rid of impurities and then kept in an oven at 100 °C for 

20 h. The obtained TiO2 powder was annealed for 2 h at                  

450 °C for further preparation. While the untreated TiO2-

NPs, it was synthesized by following the same above 

procedure except for the magnetic step. The whole procedure 

is shown in Fig. 1. 

 
Characterization Techniques 
      Using a UV-Vis spectrophotometer, the powders of 

treated TiO2-NPs and untreated TiO2-NPs were examined 

spectrally in the 200-800 nm region. X-ray diffraction (XRD) 

examination was used to determine the sample's crystallinity 

utilizing the XPERT-PRO, which was run at 45 kV, 40 mA, 

and a 2θ angle pattern. With a 300 kV accelerating voltage, 

the FE-SEM-JEOL-3010 was used to conduct the FE-SEM 

tests.  The  Energy-dispersive  X-ray  spectroscopy  (Type S- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4800 Hitachi, Japan) was used for complete microanalysis of 

TiO2-NPs. 

  

The Photocatalyst Assay of TiO2-NPs 
      In order to study the photocatalytic activities of 

synthesized TiO2-NPs (Untreated and treated), the methylene 

blue (MB) degradation method was applied using UV light. 

Therefore, to allow the adsorption-desorption equilibrium to 

be felt, the test tube containing the TiO2-NPs and 10 ml of a 

10 µg m-1 MB solution was covered with aluminum foil and 

shaken for 15 min at 25 °C in the dark. Following that, a           

100 W xenon lamp was used to illuminate the reaction 

mixture in a time-dependent manner. 2.5 ml of the solution's 

volume was taken out of the conical at organized during 

illumination. The TiO2-NPs were separated by centrifugation 

at the precise irradiation time, and the absorption was then 

determined using a spectrophotometer. The degradation 

percentage  of  MB dye was  calculated using  the  following 

 
Fig. 1. Schematic showing various steps of the hydrothermal method involved in (a) alkaline-hydrothermal under 

magnetic field and (b) alkaline-hydrothermal without magnetic field. 
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equations: 

 

      The rate of degradation (%) =  ×  100                      (1) 

 

      The rate of degradation (%) =  ×  100                       (2) 

 

Where the C0 is the initial concertation of MB dye in µg ml-1 

and C is the concentration of MB dye after irradiation in                

µg ml-1. Ao and A are the absorbances of MB dye before and 

after irradiation respectively.  

 
Antibacterial Assay 
      By using the agar well diffusion technique, the 

antimicrobial activities of both treated TiO2-NPs and 

untreated TiO2-NPs were assessed [27]. Escherichia coli 

(MTCC 443) and Staphylococcus aureus were the test 

organisms utilized for the antimicrobial analysis, and they 

were obtained from the Microbial Type Culture Collection 

and Gene Bank (MTCC) in Chandigarh. Nutrient agar was 

used to sustain the bacterial strains. 

      Antimicrobial experiment. To prepare the medium, 

1000 cc of distilled water was diluted in 38 g of Muller 

Hinton agar (Hi media). After that, it was autoclaved for one-

fourth of an hour at 120 °C and 15 Lbs of pressure (pH = 7.3). 

      After being well mixed and allowed to cool, it was then 

put  into  the  petri  dish. E. coli  and  S.  aureus   pathogenic 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

bacterial cultures were used to swab the plates before 

specimens were added to the wells that had been 6 mm drilled 

into the Muller Hinton medium. The plates were then 

incubated in an incubator for approximately 24 h at 37 °C. 

Then, the millimeters of the zone of inhibition was measured. 

The usual control utilized was streptomycin. 

 
RESULTS AND DISCUSSION 
 
UV Investigations of Treated and Untreated                          
TiO2-NPs 
      The UV spectra of the samples that were synthesized are 

shown in Fig. 2. For the treated and untreated TiO2-NPs 

samples, the absorption profile was slightly different. In the 

case of untreated TiO2-NPs, the greatest absorbance was  

noted at 338 nm. Similar results were achieved for pure TiO2 

nanoparticles at 337 nm and 338 nm respectively and were 

reported in the literature [28,29]. The chemisorption of 

molecules of onto the surface of treated TiO2-NPs samples 

causes the absorbance maximum to be somewhat red-shifted. 

A maximum absorbance of 348 nm, is noted for the treated 

TiO2-NPs samples. This change shows that the magnetic field 

has led to a significant interaction between the TiO2 

nanoparticles. Because of this, it is evident that the magnetic 

field changed the TiO2's surface. The red-shifted at the TiO2 

absorption edge is a definite indication that the treated TiO2-

NPs  have  greater  particle  sizes than the untreated samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       
Fig. 2. The UV spectra of (A) untreated TiO2-NPs and (B) Treated TiO2-NPs. All the samples were synthesized under                 

190 °C. 
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Additionally, the FE-SEM study shows this increase in 

particle size. The narrow band gap is attributed to the increase 

in particle size, which in turn leads to greater electron and 

hole pair production. 

 

Determination of the Energy Gap Band of 
Synthesized TiO2-NPs (Treated and Untreated) 
      The energy required to excite an electron from the 

valence band to the conduction band is known as the band 

gap energy of a semiconductor. In order to accurately 

anticipate the photophysical and photochemical 

characteristics of semiconductors, the band gap energy must 

be determined. When discussing the photocatalytic 

characteristics of semiconductors, in particular, this 

parameter is frequently mentioned. Tauc put out an approach 

in 1966 that used optical absorption spectra to gauge the             

band gap energy of amorphous semiconductors. On                

the presumption that the energy-dependent absorption 

coefficient may be stated by the following equation, the Tauc 

technique is established. Therefore, the band gap of TiO2-

NPs has been calculated from the absorption spectrum using 

the following equation: 

 

      (εhυ) = C(h-Eg)n 

 

Where the ε is the coefficient of molar extinction, Eg is the 

band energy in the average of TiO2-NPs, and the n is based 

on the type of transition and C is a constant. Eg is the direct 

allowed band gap when n = ½.  

      As illustrated in Fig. 3 and Table 1, the average band gap 

of TiO2-NPs was calculated from the intercept of the linear 

relation of the (εhυ)2 vs. hυ plots on the hυ axis. Due to 

quantum confinement, it has been discovered that the band 

gap  values  of  treated  TiO2-NPs (3.46 eV)  are  larger  than  

 

 

Table 1. The Values of Energy Gap for TiO2 Nanoparticles 

that Synthesized with and without Magnetic Field at 190 °C, 

which were Calculated Using Tauc Method 

 

Samples Wavelength 

(nm) 

Energy band gap  

(eV) 

Untreated TiO2-NPs  338 3.26 

Treated TiO2-NPs 348 3.46 

 

 

those of untreated TiO2-NPs (3.26 eV).  

 

The Photodegradation Study of MB Dye 
      The intensity of the UV-Vis spectrum, in which the MB 

dye has the maximum absorption at 659 nm, was used to 

intentionally cause MB dye photodegradation. The treated 

TiO2-NPs showed that the degradation of (MB) increased 

progressively with exposure time. In a similar experimental 

setting, the treated TiO2-NPs destroyed more than 96% of the 

MB dye after 3 h, while the untreated TiO2-NPs degraded 

only approximately 21% of the MB dye and after 3 h, the dye 

degradation remained nearly constant, as shown in Fig. 4. 

      In addition, the experiment under the same condition was 

repeated but this time, the degradation of MB dye was 

calculated without using the UV light. The results have 

shown that only 5% of MB dye was degraded. This result can 

be explained by the following fact the photodegradation 

process has not occurred and the degradation of MB dye has 

occurred due to the MB dye has been adsorbed on the surface 

of TiO2-NPs. The photoactinic mechanism of TiO2-NPs can 

be clarified as shown in Fig. 5. 

 
Morphological and Size of Treated and Untreated 
TiO2-NPs Samples 
      Figure 6 displayed FE-SEM images of samples of TiO2-

NPs that had been synthesized at various conditions (Under 

magnetic and non-magnetic fields) after being calcined at 

450 ºC for an hour. Using this method, the nanoparticles 

synthesized under magnetic field (Treated TiO2-NPs) were 

effectively agglomerated into well-uniform rod-like forms of 

multiple diameters, as seen by FE-SEM images. The findings 

demonstrate that when the preparation step is included using 

magnetic field, the nanorods' shape is formed with variable 

average lengths. The reason for these variations in the shape 

and average lengths of the rods is that by using the magnetic 

field during the synthesis step, more nuclei are produced 

during the reaction period. While the TiO2-NPs synthesized 

under non-magnetic field (Untreated TiO2-NPs) were 

agglomerated into none uniformly shape. This could be 

because the weak van der Waals forces in the initial bonds of 

the complex titanium glycolate will start to break down, 

resulting in a reduction in the number of formed 

nanoparticles and in the average lengths of the formed               

TiO2-NPS   nanorods.   Therefore,   the  shape  of  TiO2-NPs 
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synthesized under non-magnetic field has no definite shape. 

From the FE-SEM images of both types, the average size 

dimeters of prepared TiO2-NPS were shown about 14.46 and 

72.55 nm at synthesis temperature 190 ºC for treated and 

untreated TiO2-NPS respectively.  

      The nitrogen adsorption and desorption isotherms 

illustrated in Fig. 7 were used to calculate the surface area 

and porosity of the synthesized TiO2-NPS.  According  to the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IUPAC classification, the isotherms of the obtained samples 

show a progressive adsorption-desorption branch with a wide 

range of pressure (P/P0), which showed the presence of a 

mesoporous structure with a type IV pattern. Treated TiO2-

NPS samples synthesized at 190 ºC had specific surface areas 

of around 48.55 m2 g-1, while the untreated TiO2-NPS has 

77.17 m2 g-1. The plots of the pores size distribution explored 

using the BJH technique of the desorption branch are shown 

 
Fig. 3. The Tauc plots for the estimation of band gap for untreated TiO2-NPs (A) and treated TiO2-NPs (B) synthesized 

using the hydrothermal method at 190 °C. The diffuse reflectance spectra (DRS) of the synthesized TiO2-NPs (Treated 

and untreated) samples (C). 
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Fig. 4. Illustrates the Photocatalytic activity of TiO2-NPs in 

the aqueous solution of MB dye. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6. The mechanism of reaction between the TiO2-NPs and 

MB dye during the photodegradation process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Fig. 5. FE-SEM images of treated TiO2-NPs (A-C); untreated TiO2-NPs (E-G) at selected temperature 190 ºC. 
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Fig. 7. The pore size distributions and the isotherm of N2 

adsorption-desorption of the synthesized TiO2-NPs (Treated 

and untreated). 

 

  

highlighted in Fig. 7 to assess the pores size of the generated 

samples. At certain temperatures, the TiO2 mesoporous 

nanostructure's average pore sizes were 7.6 and 9.52 nm for 

treated and untreated TiO2-NPS respectively.  
 

Ti and O elements have been found in the TiO2-NPs samples, 

as shown by corresponding EDX spectra in Fig. 8. When 

compared to the nominal composition of Ti33.3. O66.7, the 

chemical composition of the TiO2-NPs samples is found to 

be Ti37.2O62.8, suggesting a little under stoichiometric O 

concentration. 

 

Structural Investigation of Treated and Untreated 
TiO2-NPs Samples 
      Powder XRD technique was used to characterize the 

nanoparticles that were synthesized using the hydrothermal 

method. The TiO2-NPs' XRD pattern is seen in Figure 8. 

Peaks at 25.3θ, 37.6θ, 48θ, 54.7θ, 63θ, 70θ and 75.7θ in the 

XRD pattern can be seen coming from the anatase TiO2 

lattice's crystal planes (1 0 1), (2 1 1), (0 0 4), (2 0 0), (1 0 5), 

(2 0 4), (2 2 0) and (2 1 5) respectively. This was matched to 

the anatase TiO2 JCPDS file number 21-1272. According              

to Ba-abbad et al., the sharp  peak at 2θ = 25.3  validates  the 

 

 

 
Fig. 8. Shows the EDX spectra of synthesized TiO2-NPs 

samples using the hydrothermal method. (a): treated TiO2-

NPs; (b) untreated TiO2-NPs.  
 

Table 2. Shows the Dimensions of TiO2 Nanoparticles with 

and without the Magnetic Field Affected by FE-SEM Image 
 

Samples D 

(nm) 

Untreated TiO2-NPs  72.55 

Treated TiO2-NPs 14.46 

 

 

structure of the TiO2 anatase. The brookite phase of TiO2 is 

shown by the peak at 30.5 [28]. Figure 9b displays the 

untreated TiO2-NPs lattice's XRD peaks from the (211) plane 

of TiO2. For samples that had been treated with magnetic 

field, it was found that the peak intensity of new peak 

appeared in 28.3θ and FWHM was increased. This shows that 

the treated TiO2-NPs samples are well-crystalline as shown 

in Fig. 9a and Table 3. 
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Fig. 9. XRD crystallography of synthesized TiO2 
nanoparticles by hydrothermal method (a) with magnetic 
field effect of 190 °C, and (b) without magnetic field effect 
at the same temperature. 

 
Table 3. The Change in Crystal Sizes of Treated and 
Untreated TiO2-NPs Samples via (Calculated via Scherrer 
Equation) 
 

Samples D 
 (nm) 

Untreated TiO2-NPs  12.55 
Treated TiO2-NPs 14.46 

 

 

Antibacterial Activities Using Treated and 
Untreated TiO2-NPs Samples 
      In the current study, the agar well diffusion technique was 

used to examine the antibacterial activity of synthetically 

produced untreated TiO2-NPs and treated TiO2-NPs against 

gram-negative (G-) and gram-positive (G+) bacterial strains. 

Both treated and untreated TiO2-NPs nanoparticles at a 

concentration of 2.0 mg ml-1 were used for the antibacterial 

activity. Figure 10 displays the zone of inhibition for the 

treated and untreated TiO2-NPs samples against Escherichia 

 

 

 
Fig. 10. Images of agar plate containing control as standard 

antibiotics and different concentrations of TiO2 nanoparticles 

i.e., 3 mg ml-1, 30 µl ml-1, 50 µl ml-1, and 70 µl ml-1 of with 

and without influence magnetic field effect. Where, a for E. 

coli and b for Sauers. 

 
 
coli (E. coli-Gram-negative) and Staphylococcus aureus (S. 

aureus-Gram positive). Maximum activity was demonstrated 

against E. coli by untreated TiO2-NPs. Similar findings were 

produced by Razi ahamed et al., who reported that the 

antibacterial activity of TiO2 nanoparticles synthesized by the 

Sol-gel method against E. coli using the disc diffusion 

method and the zones of inhibition were measured to be         

17 mm for 100 g ml-1 concentration of TiO2 nanoparticles 

[30]. According to Shokoh Parham et al., investigation into 

the antibacterial properties of various metal oxide 

nanoparticles, the TiO2 nanoparticles' photocatalytic 

properties are what give them their resistance to bacterial 

strains [31]. Against both gram-positive and gram-negative 

bacteria, Shagufta Naz et al., demonstrated the antibacterial 

properties [32]. For treated TiO2-NPs against S. aureus, the 

greatest zone was noted. Table 4 illustrates all the results           

of  the  antibacterial  activities  of both treated and untreated        
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TiO2-NPs. The obtained results are in high agreement with 

previously reported studies [33-36]. 

 
CONCLUSIONS 
 

      Hydrothermal technique has been used to synthesize 

titanium dioxide nanoparticles. Magnetic field treatment was 

applied during the synthesis of TiO2 nanoparticles. The 

produced nanoparticles were crystallized, according to XRD 

Spectra. The maximum absorbance of the samples was 

shown by a red shift in the UV-Vis spectra of treated TiO2 

nanoparticles. The largest zone of inhibition against E. coli 

and the lowest zone of inhibition against S. aureus were seen 

in the untreated TiO2 samples. When compared to the 

untreated TiO2 samples, the treated samples showed 

increased antibacterial activity. The treated TiO2-NPs exhibit 

a considerable improvement in antibacterial activity 

compared to the untreated TiO2 nanoparticles and 

demonstrate the minimal viability percent for samples at a 

concentration of 30 mg ml-1. Also, the photocatalytic 

properties of TiO2-NPs have been evaluated using the 

photodegradation MB dye method and the results proved that 

the higher degrading percentage of MB dye (96%) has been 

seen during the use of treated TiO2-NPs compared to 

untreated TiO2-NPs which recorded 21%. 
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30  

µl 

50 

 µl 

70  

µl 
Control 

S. aureus  2.9 6.2 8 10.4 0 1.2 8.1 11 12.2 0 

E. coli 0.5 7.1 9.2 11 0 2.3 9 11.6 13 0 
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