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ABSTRACT

Metal oxides demonstrate a range of unique properties, such as excellent chemical stability, versatile electrical conductivity,
and catalytic abilities. In contrast, mixed metal oxides contain oxygen along with two or more distinct metallic elements.
The presence of multiple metals gives mixed metal oxides innovative functionalities and properties that individual metal
oxides lack. Titanium oxide and thorium(I'V) oxide nanoparticles have attracted significant interest in various scientific and
technological fields. This study explores a theoretical approach to synthesizing and characterizing metal oxides, specifically
thorium(IV) oxide, titanium oxide, and TTMMO, a mixed metal oxide composed of titanium and thorium. The synthesis of
nanoparticles is accomplished using the co-precipitation method with a A microwave reaction system was employed to
synthesize nanoparticles, which were then characterized using various analytical techniques including FT-IR, UV-VIS
(DRS), FE-SEM, EDAX, AFM, and XRD analysis. XRD analysis confirmed the cubic geometry of ThO; and the tetragonal
structure of TiO nanoparticles. Titanium oxide, thorium(IV) oxide, and titanium thorium mixed metal oxides (TTMMO)
were evaluated for their antibacterial properties against E. Coli, Bacillus subtilis, Bacillus cereus, Pseudomonas aeruginosa,
and Staphylococcus aureus using the disc diffusion technique. Extensive research has been conducted to investigate the
exceptional antibacterial activities of these metal oxides and mixed metal oxides.

Keywords: titanium oxide, thorium oxide, mixed metal oxides, E. Coli, and anti-bacterial studies

1. INTRODUCTION

Nano particles possess distinct properties and behaviors that set them apart from larger counterparts, primarily due to their
small size. This uniqueness makes them highly sought-after in a diverse range of applications. Because of their unique
properties and wide-ranging applications, metal oxide nanoparticles have ushered in a new era of possibilities in the field of
advanced materials [1]. Numerous studies has been conducted in recent years to investigate the potential of mixed metal
oxides to create innovative materials by combining the desirable characteristics of various metal oxides [2]. Recent studies
have reviewed a variety of techniques for making metal oxide and mixed oxide nanoparticles [3]. Among these methods,
microwave-assisted co-precipitation method involves synthesizing nanoparticles by co-precipitating metal ions in the
presence of microwave irradiation [4]. By utilizing microwave energy, the reaction kinetics are accelerated, leading to the
rapid formation of nanoparticles. Surprisingly, the particle sizes, surface areas, and mechanical properties of the resulting
materials can be altered by adjusting the temperature, operating conditions and precursor used [5]. In recent years, titanium
oxide and thorium oxide have gained significant attention due to their exceptional properties and wide range of applications.
These metal oxides have played a transformative role in various industries, thanks to their unique and advantageous
characteristics. Moreover, the research on mixed metal oxides has paved the way for the development of advanced materials
with enhanced performance. Understanding the properties and applications of titanium oxide, thorium oxide, and mixed
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metal oxides allows us to leverage their potential and drive innovation in metal oxide technology.

Titanium dioxide, also referred to as titanium (IV) oxide or titania, is a versatile white pigment that is highly sought after
and widely utilized across a range of industries. It is available in three primary crystalline forms rutile, anatase, and brookite,
each offering unique characteristics that make titanium oxide a valuable material [5]. This compound demonstrates
exceptional photocatalytic properties, a high refractive index, UV-visible absorption, and chemical stability, making it a
preferred choice in numerous applications. It is commonly employed in the production of self-cleaning glass, air and water
purification systems, and in the treatment of pollutants in wastewater. Titanium oxide is widely used in the cosmetics industry
for its multifaceted applications. One important role it plays is as a key component in sunscreens, offering protection against
harmful UV radiation by scattering and absorbing the rays. The distinctive optical characteristics of titanium oxide have also
made it a valuable ingredient in pigments, particularly white paint and coatings [6].

Thoria, also known as thorium(IV) oxide, has garnered significant attention in recent years due to its unique properties. This
compound possesses distinct characteristics that make it highly sought after for a variety of uses, including nuclear energy,
catalysts, and electronic devices. The utilization of thorium(IV) oxide (ThO,) as a sensing material in electronic devices has
led to a breakthrough in technology known as thorium oxide sensing. Additionally, thorium oxide exhibits excellent electrical
conductivity, making it well-suited for gas sensing applications [7]. With exceptional thermal stability, good electrical
conductivity, and resistance to corrosion, thorium oxide is an ideal material for creating versatile and dependable sensors.
The gas sensing technology of thorium oxide provides unmatched sensitivity, selectivity, and stability, making it a superior
choice for various applications [8].

The objective of this study was to explore the potential of various metal oxides, including titanium oxide, thorium(I'V) oxide,
and a combination of titanium and thorium mixed metal oxides. The focus was on utilizing the microwave assisted co-
precipitation method to synthesize and characterize these oxides, emphasizing their structural, electrical, and optical
properties as well as topography. X-ray powder diffraction (XRD), field emission scanning electron microscopy (FE-SEM),
FT-IR spectroscopy, UV-visible absorption spectroscopy, and atomic force microscopy were utilized for a comprehensive
analysis of the nanoparticles. In recent times, there has been a surge in interest in the application of antibacterial studies
across various industries such as environmental monitoring, manufacturing processes, and healthcare.

2.1. Materials and methods:

The metal oxides and mixed metal oxides were prepared using the microwave-assisted co-precipitation technique. All
compounds utilized in this study were of analytical grade, including the precursors thorium nitrate (Th(NO3)4) and titanium
oxy chloride sourced from Sigma Aldrich. The precipitant, sodium hydroxide (NaOH), was obtained from HiMedia. Double-
distilled water was employed for the preparation of all solutions.

2.2. Instrumentation:

The FT-IR spectra ranging from 4000 to 400 cm-1 were recorded by utilizing KBR pellets and a Shimadzu 8400S
spectrometer. XRD data was collected using a PANalytical X'pert-pro powder X'celerator diffractometer with Cu-ka
radiation. UV-visible absorption and fluorescence spectra were examined with quartz cells using a JASCO FP-6300
spectrofluorometer and a JASCO variant-630 spectrophotometer. FE-SEM images were captured with a JEOL JSM-6700F
field emission scanning electron microscope. The electrochemical studies were carried out by CH-Instrument Inc., a Texas-
based company. AFM images were obtained with an Easy Scan 2 controller from Nanosurf, and contact mode measurements
were conducted with a micromachined silicon probe.

2.3. Preparation of metal oxides and mixed metal oxides nanomaterials:
2.3.1. Preparation of Titanium dioxide (TiO2)

The synthesis of Titanium dioxide (TiO) nanoparticles was carried out as follows: A 0.1M solution of titanium oxychloride
(TiOCl) and a 0.3M solution of sodium hydroxide (NaOH) were prepared separately using double distilled water. The 0.3M
NaOH solution was added dropwise to the 0.1M titanium oxychloride solution at a stirring rate of 500 rpm with a magnetic
stirrer. The stirring rate was maintained at 500 rpm throughout the experiment by adjusting the revolution of the magnetic
Teflon as the viscosity of the mixture increased. The addition of NaOH was continued until the desired pH was achieved.
After completion of the addition, stirring was continued for approximately 2 hours to ensure homogeneity. A milky white
suspension of Ti(OH)4 was obtained during stirring. The solution was then irradiated with microwaves using a household
microwave oven for 15 minutes at 150 W. The irradiated solution underwent sonication for 30 minutes at a frequency of 52
kHz to enhance the properties of the synthesized product. The resulting precipitate was filtered and washed with ethanol,
followed by distilled water, before being dried in a hot air oven at 110°C for 2 hours. The dried powder was then annealed
in a muffle furnace at 450°C for 3 hours to achieve pure white titanium dioxide.

2.3.2. Preparation of Thorium(IV) oxide (ThO3) :

The standard procedure for synthesizing thorium(I'V) oxide (ThO2) nanoparticles involved preparing a 0.1M thorium nitrate
solution in double distilled water and a separate solution of 0.3M sodium hydroxide (NaOH). The 0.3M NaOH solution was
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then gradually added to the 0.1M thorium nitrate solution while stirring at 500 rpm with a magnetic stirrer. The addition
process was halted once the desired pH level was achieved. Subsequently, the stirring continued for approximately 2 hours
to ensure uniformity. The reaction between thorium nitrate solution and sodium hydroxide led to a hydrolysis reaction and
the formation of products such as thorium hydroxide, resulting in the formation of a white colloidal dispersion. The solution
is exposed to microwave irradiation for 15 minutes at 150 W in a microwave oven. Subsequently, the irradiated solution
undergoes sonication for 30 minutes at a frequency of 52 kHz to enhance the properties of the resulting product. The resulting
precipitate is isolated via filtration, undergoes washing with ethanol and distilled water, and is then dried in a hot air oven at
110°C for 2 hours. The dried powder is then annealed in a muffle furnace at 550°C for 2 hours to produce thorium(I'V) oxide.

2.3.3. Synthesis of Titanium Thorium mixed metal oxide

The synthesis involved the use of titanium oxychloride (TiOCl,) and thorium nitrate Th(NO3), as starting materials. Aqueous
solutions of 0.1M TiOCl,, 0.1M Th(NOs3)s4, and 0.3M NaOH were prepared separately using double distilled water. The
NaOH solution was added dropwise to the TiOCl, solution, followed by the slow addition of the Th(NO3)4 solution. The
mixture was stirred for 2 hours using a magnetic stirrer, then irradiated with microwaves for 15 minutes and sonicated at 52
kHz for 30 minutes to obtain the desired product. The resulting precipitate was collected, washed with ethanol and distilled
water, and dried in a hot air oven at 110°C for 2 hours. The dried powder was then calcined in a muffle furnace at 550°C for
3 hours to produce the Titanium Thorium mixed metal oxide.

3. RESULTS AND DISCUSSION:

This study involved the synthesis of two metal oxide nanoparticles, specifically titanium oxide and thorium(IV) oxide, as
well as a titanium thorium mixed metal oxide. Various analytical techniques were then employed to characterize these
nanoparticles. UV-Visible absorbance (DRS) and FT-IR spectral methods were utilized to assess the optical properties of the
nanoparticles. XRD analysis was conducted to investigate the crystal structure of the nanoparticles. Microstructural analysis,
including size, shape, and composition, was carried out using Energy dispersive X-Ray (EDX) spectrometry and field
emission scanning electron microscopy. Atomic force microscopy was used to study the topography images of the
nanoparticles. The findings from these analyses are discussed in detail below.

3.1. Electronic spectra of nanomaterials (DRS):

The method of quantifying the light absorption of a sample within the UV and visible range is known as UV-Visible
absorbance analysis, or Diffuse Reflectance Spectroscopy (DRS) [9]. It is a technique used to examine the absorbance and
reflectance properties of solid materials across the visible and ultraviolet light spectrum [10]. Through the analysis of
spectrum reflectance curves, UV-Visible DRS provides valuable insights into the chemical composition, structural features,
and optical behavior of various solid samples.
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Figure.1. a) UV-Visible absorbance spectra of (a) TiOz (b) ThO: and (¢) TTMMO
b) Kubelka-Munk plot of TTMMO

Utilizing UV-visible absorption spectroscopy, the optical characteristics of the nanoparticles prepared within the 200-700
nm wavelength range were investigated. As depicted in Fig. 1(a), titanium dioxide exhibited an absorbance value of 0.84 at
329 nm, indicating a strong absorption capacity in the UV region. The band gap energy of the TiO» nanoparticles was
determined to be 3.77 eV. Similarly, thorium(I'V) oxide displayed an absorption peak at 307 nm with a band gap energy of
4.04 eV, as shown in Fig. 1(b). Analysis of the spectra revealed a broad absorption peak at 250 nm for the mixed metal oxide,
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suggesting significant absorbance in the visible region (A=0.90). This indicates a notable absorption capability in the visible
range. The band gap energy of the mixed metal oxide was calculated to be 3.52 eV, with an absorption peak at 250 nm as
illustrated in Fig.1(c). The Kubelka-Munk plot for the mixed metal oxide of titanium and thorium is illustrated in Figure 1
(b). The electronic properties of nanomaterials are tabulated in the Table.1.

Table.1. Absorption band (Amax) and band gap energy values of Titanium oxide, Thorium oxide and TTMMO.

Absorption
S.No Name of the band Oomax) Band gap
samples (nm) energy (eV)
1 Titanium oxide 329 3.77
2 Thorium(IV) 307 327
oxide
3 TTMMO 250 3.52

3.2. Fourier Transform — Infra Red Spectral Analysis:

FT-IR spectroscopy is a method used to examine how molecules interact with infrared radiation [11, 12]. The FT-IR spectra
of titanium oxide, thorium oxide and mixed oxides of Ti and Th are given in Fig.2.
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Figure.2. The FTIR spectrum of (a) Titanium oxide (b) Thorium oxide and (¢c) TTMMO

The infrared spectrum (FT-IR) of the synthesized TiO, reveals an absorption band at 3438.74 cm-1, indicating the stretching
vibration of O-H and the presence of H,O. Additionally, the bending vibration of O-H is observed at 1630.30 cm-1, while
the intense peak at 678.73 cm-1 corresponds to the characteristic Ti-O stretching band associated with TiO,.
Similarly, the FT-IR spectrum of ThO, exhibits an absorption band at 3440.67 cm-1, indicating the stretching vibration of
O-H and the presence of H>O. The bending vibration of O-H is observed at 1645.95 cm-1, and intense peaks at 466.02 cm-
1 and 844.18 cm-1 correspond to the characteristic Th-O stretching bands associated with ThO,. The FT-IR spectrum of
TTMMO shows an absorption band at 3446.60 cm-1, representing the stretching vibration of O-H and indicating the presence
of H,O (Fig.2). Similarly, the absorption band at 1624.60 cm-1 corresponds to the bending vibration of O-H. The strong
peaks at 853.91 cm-1 and 448.45 cm-1 are indicative of the M-O stretching band specific to TTMMO, pointing towards the
formation of a mixed metal oxide containing titanium (Ti-O) and thorium (Th-O). The FT-IR spectral data of various metal
oxides are given in the Table.2.
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Table.2. FT-IR spectral data for (1) Titanium oxide, (2) Thorium(IV) oxide and (3) TTMMO.

Assigned functional groups
S.No Name of the samples Q-H ‘ Stretching Q-H ] bending M-O ‘ stretching
vibration vibration vibration
(em™) (em™) (em™)
Titanium oxide 535.15
1 2307.58 3438.74 1384.19 1630.30
678.73
466.02
2 Thorium oxide 3440.67 1645.97
844.18
853.91
3 TTMMO 3446.60 1624.60
448.45

3.3. X Ray Diffraction Analysis:

X-ray diffraction analysis, also known as XRD analysis, is a non-destructive technique used to determine the arrangement
of atoms or molecules within a crystalline material [13, 14].
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Figure.3. X-Ray Diffraction pattern of (a) Titanium oxide (b) Thorium oxide and (¢c) TTMMO

The titanium oxide samples in figure 3(b) exhibited characteristic peaks corresponding to various crystal planes, including
(110), (101), (111), (210), (211), (220), (002), and (310). These findings aligned with the tetragonal structure identified in
JCPDS file No. 89-4920 [15], providing further validation. By applying the Scherrer equation to analyze X-ray line
broadening, the average size of the crystalline structures was estimated to be approximately 5.75 nm. The absence of peaks
associated with other titanium oxide phases indicated a high level of purity in the prepared TiO, nanoparticles. The sharp,
narrow peaks suggested the synthesized products were highly crystalline, underscoring the efficacy of the synthesis method
utilized. The average crystallite size of the synthesized nanoparticles was determined using Scherrer's formula: D = KA/Bcos6,
where K represents the shape factor (typically 0.89), A is the wavelength of the incident beam, B is the broadening of the
diffraction line measured in radians at half of its maximum source (FWHM), 0 is the Bragg's angle, and D is the diameter of
the crystallite size. This calculation revealed that the average crystalline size of TiO, was approximately 5.75 nm.
Additionally, the X-ray diffraction pattern of annealed ThO, nanoparticles indicated peaks at 20 = 27.64°, 31.88°, 45.75°,
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and 54.36°, corresponding to the (111), (200), (220), and (311) planes of crystalline ThO», respectively, in a cubic geometry
(JCPDS file No. 4-0556) [16]. The XRD patterns of ThO, after annealing at 550 °C indicate a well-defined crystalline
structure, showing reflections characteristic of cubic ThO, (see Fig. 3(b)). The calculated crystallite size for the material
annealed at 550 °C is approximately 31.81 nm. The presence of diffraction peaks corresponding to mixed oxides at 26 angles
0f27.78°,31.88°,45.75°, and 54.33° suggests the presence of specific crystallographic planes within the TTMMO structure,
such as (110), (200), (220), and (211) as depicted in Fig. 3 (c). An average crystallite size of 12.60 nm was determined based
on the diffraction patterns observed. The interaction of Ti, O, and Th atoms within the lattice influences the growth and
arrangement of the crystals, leading to a reduction in crystal size. This size reduction is attributed to limitations imposed on
crystal growth by the presence of Ti-O-Th in the lattice structure. The crystallite size of the oxides are tabulated in the Table
3.

Table.3 Crystallite size of 1) Titanium oxide, 2) Thorium(IV) oxide and 3) TTMMO

S.No Name of the samples Crystallite Size (nm)
1 Titanium Oxide 5.75

2 Thorium(I'V) Oxide 31.81

3 TTMMO 12.60

3.4. Energy-Dispersive X-Ray Analysis (EDAX) :

The Energy-Dispersive X-Ray Analysis (EDAX) technique is based on the X-ray fluorescence (XRF) principle. This method
involves exposing a sample to high-energy X-rays, triggering the release of unique X-rays at varying energies from the atoms
within the material. The Energy Dispersive X-ray Spectroscopy (EDS) was employed to analyze the elemental composition
of metal oxides and mixed metal oxides [17]. Figure 4 represents the EDAX spectra of various prepared nanomaterials.

7 | Sl (©

Figure.4. EDAX Spectral images of (a) Titanium oxide (b) Thorium(IV) oxide and (¢c) TTMMO

The EDS analysis of TiO, demonstrated the presence of titanium (Ti) and oxygen (O) in the material, as indicated by their
respective weight percentages. The peaks observed in the EDS spectrum confirmed the existence of titanium and oxygen.
Additionally, the analysis of the EDS spectrum confirmed that the titanium oxide nanoparticles obtained are highly pure,
with the combined weight concentration of titanium and oxygen making up 100% of the total composition. Similarly, the
EDS analysis of ThO, confirmed the existence of thorium (Th) and oxygen (O) in the material, as evidenced by their
respective weight percentages. The elemental composition of ThO, was found to be oxygen (26.45%) and thorium (73.55%)
by weight percentage. The peak at 2.8 keV indicated the presence of thorium, while the peak at 0.5 keV for oxygen clearly
demonstrated the elemental composition and purity of ThO; nanoparticles. The examination of the EDS spectrum indicates
that the thorium oxide nanoparticles acquired are of exceptional purity, with a total weight composition of 100.00%. The
presence of titanium, thorium, and oxygen in both weight percent and atomic percent is definitively verified through the
Energy Dispersive Spectroscopy (EDS) analysis of TTMMO. Specifically, the thorium peak at 2.8 keV, the titanium peak at
4.5 keV, and the oxygen peak at 0.5 keV depicted in [Fig. 4] elucidate the presence of these elements. This affirms the
elemental constitution of the prepared TTMMO mixed metal oxides, wherein titanium comprises 34.80%, thorium 44.46%,
and oxygen 20.74% of the elemental composition by weight percentage, summing up to 100.00%. The Elemental
composition of titanium oxide, thorium oxide and TTMMO were shown in Table 4.
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Table.4. Elemental composition of (a) Titanium oxide (b) Thorium(IV) oxide and (¢) TTMMO.

Titanium oxide b) Thorium(IV) oxide ¢) TTMMO

Weight | Atomic Weight | Atomic Weight | Atomic
Element % % Element % % Element % %
OK 52.77 75.93 OK 26.45 84.71 OK 20.74 41.08

Th K 44.46 6.07
47.23 24.07
Ti K Th M 73.55 15.29

TiM 34.80 52.85

OK 100 100 Total 100 100 Total 100 100

3.5. FE-SEM analysis:

The Field Emission-Scanning Electron Microscopy (FE-SEM) is a high-resolution imaging technique that utilizes a focused
beam of electrons to interact with the sample surface [18]. This beam scans the surface in a raster pattern, with the emitted
secondary electrons creating a detailed image of the sample's topography. FE-SEM was employed to analyze the morphology
and structure of the samples, providing clear, high to low magnification images down to the nanometer range [19]. The FE-
SEM images of titanium oxide, thorium oxide, and TTMMO are shown in Figure 6.
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Figure.6. Shows the FE-SEM images of (a-b) Titanium oxide, (c-d) Thorium(IV) oxide and
(e-f) TTMMO

The FE-SEM images of TiO» nanoparticles, synthesized using the microwave-assisted co-precipitation method, are depicted
in Figure 6 (a-b). The sample, shown magnified by 200 pm, exhibits a granular structure with small spherical particles that
are well-crystallized [40]. The average particle size of the TiO, nanoparticles, as estimated from the FE-SEM images, is
approximately 31 nm (Figure 6(b)). These nanoparticles are evenly distributed and not agglomerated, indicating a high level
of crystallinity induced by the annealing temperature [20]. The FE-SEM images of the annealed ThO, nanoparticles at 550
°C can be seen in Figure 6(c-d). The structure of the ThO, nanomaterial closely resembles a nanoreef when magnified by 50
um. Moreover, the microscopic images revealed a consistent structure and even distribution of particles without any irregular
surface formations. As seen in the FE-SEM images, the average particle size of ThO; is around 45 nm (Fig. 6(d)). The
TTMMO, which was prepared, exhibited a nanofilm-like structure under a 200 um magnification with an average particle
size of 8 nm (Fig.6(f)). Comparatively, it is evident that the synthesized mixed metal oxide is smaller in size when compared
to single oxides. This difference can be attributed to the higher annealing temperature and incorporation of mixed oxides in
TTMMO, unlike single oxides.

3.6. Atomic Force Microscope spectral analysis:

Atomic Force Microscopy (AFM) is a crucial tool in the field of nanotechnology for both designing and characterizing
nanoscale structures [21]. The AFM functions by utilizing a cantilever with a sharp tip to meticulously scan the surface of a
sample at the atomic level. By measuring the forces between the tip and the sample, AFM is able to generate highly detailed
three-dimensional images of nanoscale structures. Compared to optical microscopy, AFM provides superior resolution,
making it an indispensable instrument for investigating phenomena at the nanoscale due to its ability to resolve characteristics
down to the atomic level [22]. The morphology of prepared nanomaterials was examined using an atomic force microscope
[23]. Each scan was conducted under ambient conditions to ensure satisfactory topography results. The images were captured
in topography mode with a resolution of 256x256 pixels and a scan rate ranging from 0.5 to 1 Hz. Using the microscope's
section analysis software, the heights of adsorbed NPs and agglomerates were measured [24]. The AFM spectral images of
TiO,, ThO,, and mixed oxides of Ti and Th is shown in the Figure 7. As depicted in Figure 7, the AFM images of TiO,
display a distinct grouping of conical nano columnar structures. Similarly, the AFM images of ThO, reveal a cluster of
conical nanostructures. Notably, the TTMMO AFM images exhibit a mountain-like structure. These structures are further
examined by the 3-D view of AFM which is shown in Fig.8.
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Figure.7. Atomic force microscope images of (a) Titanium oxide (b) ThO: and (¢) TTMMO
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Figure.8. Atomic force microscope 3D view of (a) TiO: oxide (b) ThO: and (¢) TTMMO

Upon analysis of the 3-D image, a mountainous structure resembling folds was observed in the prepared nanomaterials.
Table 5 presents the commonly used area roughness parameters, including the average roughness (Sa) and root mean square
roughness (Sq), which are measured across the entire three-dimensional surface. Specifically, the root mean square roughness
(Sq) is utilized to examine spatial variations and temporal changes that occur during the formation of a new surface, allowing
for analysis of surface features at different scales. It is essential to describe the surface topography using these roughness

parameters.
Table.5. Area roughness of Titanium oxide, Thorium oxide and TTMMO from AFM spectroscopy
Area Roughness
Area Parameter TiO2 Thorium oxide TTMMO
Area 39.84 pm? 39.84 pm? 9.842 pm?
Sa 42.27 nm 30.87 nm 5.81 nm
Sq 57.15 nm 38.23 nm 7.23 nm
Sy 409.13 nm 244.86 nm 44.09 nm
Sp 244.06 nm 126.49 nm 2.17 nm
Sv -165.18 nm -118.37 nm -19.92 nm
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Sm -37.25 fm -37.25 fm -20.47 fm

4. Antibacterial activity of Titanium oxide, Thorium(IV) oxide and TTMMO :

Titanium oxide, thorium(IV) oxide, and TTMMO have gained significant attention in the field of antibacterial research due
to their unique properties that make them highly effective against a broad spectrum of bacteria. These compounds show
promising characteristics that offer a novel approach to antibacterial treatments. To investigate the antibacterial activity of
titanium oxide, thorium(IV) oxide, and TTMMO against bacterial strains E. Coli, Bacillus subtilis, Bacillus cereus,
Pseudomonas aeruginosa, and Staphylococcus aureus, the disc diffusion method was employed in this study. The test bacteria
were first introduced into peptone water and allowed to incubate at 35°C for 3 to 4 hours. Subsequently, sterile petri plates
containing Mueller Hinton agar were prepared and poured with the bacterial suspension. A 0.1 ml volume of bacterial culture
was applied onto the agar plates, then evenly spread using an L-rod. Subsequently, the inoculated plates were allowed to dry
for five minutes before a disk containing a concentration of 1000 pg/ml of the test sample was gently placed on top of the
petri plates with sterile techniques [25]. The plates were then incubated at 37°C for 18 to 24 hours. Following incubation, the
presence of a zone of inhibition was examined and measured in millimeters. Notably, all three nanoparticles demonstrated
significant antibacterial properties, effectively inhibiting pathogen growth [26]. The largest zone of inhibition, measuring 12
mm, was observed for thorium oxide against Bacillus subtilis. The antibacterial activities of TiO», ThO, and TTMMO against
Bacillus cereus are illustrated in Figure 9, while the levels of zone of inhibition are detailed in a table 6.

Figure.9. Antibacterial activity of (a) TiO2 (b) ThO:z and (c) TTMMO for Bacillus cereus bacterial strain

Table.6. Antibacterial activity Zone of inhibition levels for TiO2, ThO: and TTMMO

Inhibition zone in mm

. Ab Ab Ab
Bacteria i

' Ampicillin | 1O Ampicillin | 1102 Ampicillin | T TMMO
E.coli 7.5 8 10 9 11 9
Staphylococcus 9 9 9 10 17 9
aureus
Bacillus subtilis 14 9 9 12 6 11
Bacillus cereus 7.5 6 10 7 8 8
Pseudomonas 8 8 10 9 14 10
aeruginosa
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Figure.10. Antibacterial activity Zone of inhibition levels for TiO2, ThO2 and TTMMO

5. Conclusion:

The microwave-assisted co-precipitation method was employed to synthesize titanium oxide, thorium(I'V) oxide, and mixed
metal oxides of TTMMO with high purity, using the precursors of titanium oxy chloride and thorium nitrate. Various
analytical techniques such as FT-IR, UV-VIS (DRS), XRD, FE-SEM, AFM, and EDAX were utilized for the characterization
of the synthesized nanoparticles. The surface morphology of the metal oxide nanoparticles was examined through FE-SEM,
revealing a diverse range of morphological structures. XRD analysis confirmed the nanocrystallite composition of the
synthesized product, with the XRD pattern confirming the tetragonal structure of TiO» and the cubic structure of ThO,. The
high level of purity of the samples was validated by the EDAX results, disclosing their composition. The significant
antibacterial activity of all three nanoparticles effectively hinders pathogen growth. The compounds demonstrated strong
antimicrobial effects against E. coli, Bacillus subtilis, Bacillus cereus, Pseudomonas aeruginosa, and Staphylococcus aureus.
Particularly, the use of thorium oxide against Bacillus subtilis resulted in the most substantial inhibition zone, measuring 12
mm. These findings suggest that these compounds could serve as promising alternatives to traditional antibacterial agents,
offering an effective strategy to combat antibiotic resistance
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