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An ecologically safe and efficient in terms of energy method of heterostructure photocatalysis based on 
metal oxide/TiO2 and the quantity of response sites triggered by sunlight to remediate organic dye 
pollution have garnered a lot of interest from the research community. Two-step microwave-assisted 
approach has been initiated to synthesize the inexpensive, environmentally benign TiO2 nanoparticles 
that adorned the MoO3 nanocomposite. Aim of present work is to explore the photocatalytic 
characteristics of MoO3@TiO2 (MT), as well as its structural, optical, and compositional characteristics 
along with its bactericidal potency. By using an X-ray diffraction (XRD) instrument, the crystal 
structures of MT have been confirmed. PL analysis indicates MT has the lowest rate of recombination of 
charge carriers, implying, the charge providers have a higher lifespan and may produce more active •OH 
radicals during the photocatalytic process. Further, it is clear from the Reactive Oxygen Species (ROS) 
study that O2- & OH− are the main active species that degrade Methyl Orange (MO) dyes and play a major 
role in this process. MT photocatalysts were used to degrade MO dye, and the photocatalytic activity 
was recorded under exposure to sunlight. The MT photocatalyst shows improved degrading efficacy 
may be due to fast transit, strong photo-absorption, and excellent separation of the charge carriers. 
Additionally, the MT photocatalyst retained strong stability, low self-degradation, and great reusability 
after repeated cycles of the degradation process. Additionally, the improved antibacterial activities for 
the prepared nanocomposite were seen against gram-negative (Escherichia coli) and gram-positive 
(Staphylococcus aureus) bacteria analyzed by using the Disc diffusion method. 
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1. Introduction 

The primary sources where organic contaminants are mostly found are 
water sources and wastewater. These pollutants are removed utilizing 
various chemical, physical and biological techniques, such as Oxidisation, 
adsorption and biological degradation (aided by microorganisms) [1, 2]. 
Each of these procedures has advantages and disadvantages. 
Photodegradation is a suitable technique for the photon-energy-based 
breakdown of organic pollutants. To use this approach, semiconductor 
photocatalysts such as TiO2, ZnO, WO3, Fe2O3, CdS, CdSe, and ZnS are 
needed [3,4]. The elimination of dyes and photo-induced bacterial 
disinfection using TiO2 photocatalyst has been the subject of the most 
research out of all other oxide semiconductors [1, 5, 6, 7]. Molybdenum 
oxide (MoO3), an n-type semiconductor with a narrow band gap, exhibits 
intriguing behaviour in terms of its chemical [8], structural [9], electrical, 
and optical [10] properties, making it a promising material with a broad 
range of stoichiometry. TiO2 nanoparticles become significantly more 
hydrophilic after surface modification with MoO3 [11, 12]. This allows 
them to be suspended in an aqueous solution more steadily, and it is 
thought that they have good dispersibility in an aqueous solution because 
of MoO3’s high hydrophilicity. Since TiO2 is a semiconductor, electrons are 
promoted from the valence band (VB) to the conduction band (CB) upon 
absorption of UV radiation. A portion of the photo-formed holes in the VB 
recombine with the electrons in the CB, but the remaining holes, when 
exposed to moisture and oxygen, go through a series of intricate redox 
processes that produce reactive oxygen species (ROS) such as superoxide 
(O−2). and hydroxyl radicals (-OH) [5, 13, 14]. The photocatalytic process 
and degradation of organic matter are carried out by these ROS. Titanium 
dioxide (TiO2) is a semiconductor metal oxide with redox characteristics 
that can both lower the concentration of metal ions in solution and oxidize 
organic contaminants which makes it a strong antibacterial agent. Because 

of its wide bandgap TiO2 works under the UV region to overcome, 
heterojunction formation with lower bandgap material is one of the 
dominant criteria that can work under the visible region [14].  

When compared to similar bulk materials, nanoscale semiconductor 
clusters have notably different optoelectronic, electrical, and 
photocatalytic characteristics. For nanoscale materials, the primary 
reason for the variations is quantum size effects. The design of novel, 
efficient catalysts, the creation of electronic and optoelectronic devices, 
and photocatalysts are just a few of the many uses for these effects [5, 13, 
15-17]. With these changes, the potential reactivity of photo-activated 
TiO2 particles is reduced or eliminated by quenching or lowering the 
reactive species. When MoO3 was added to TiO2, the photodegradation of 
molasses exhibited strong activity [12, 18, 19]. Additionally, the 
MoO3@TiO2 material is more reactive under sunlight compared to the 
pure oxides. The altered material can absorb more light in the visible range 
and has a smaller band gap, which speeds up the material's breakdown 
[20, 21]. 

This study focuses on i) fabricating MoO3@TiO2 (MT) nanocomposite 
using the microwave-assisted technique, ii) investigate the produced 
nanocomposites' photocatalytic activity towards the methyl orange dye's 
degradation in the presence of solar light and iii) investigate the 
antimicrobial activity of the nanocomposite against E. coli and S. aureus 
using the disc diffusion method. 
 

2. Experimental Methods 

2.1 Sample Synthesis 

2.1.1 Preparation of TiO2 Nanoparticles  

Sol-gel technique was used to synthesize TiO2 nanoparticles. A solution 
of deionized water (DI) with 10 mL of isopropanol was prepared first. 
Next, about 20 mL of titanium tetraisopropoxide (TTIP) was added after 
15 minutes into the solution. After that, the solution was hold on 80 °C with 
continuous stirring. Later on, the mixture cooled down to 60 °C by keeping 
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stirring. The solution was combined with 0.8 mL of concentrated HNO3 and 
DI. After 6 hours, a dense white gel is formed and subsequently moved for 
heating at 300 °C for 2 hours to a furnace. The obtained TiO2 powder was 
utilized in the synthesis of MT nanocomposite. 
 
2.1.2 Synthesis of MT Nanocomposite 

The experimental procedure for the preparation of MoO3@TiO2 (MT) 
heterostructure nanocomposite is illustrated in Fig. 1. Here, a microwave-
assisted synthesis technique has been used to synthesize MoO3@TiO2 
nanocatalyst. For the synthesis, materials of AR-grade quality were 
utilized as raw materials. As depicted in Fig. 1, in 40 mL DI water About 
0.98 g of citric acid and 2.605 g ammonium hepta molybdate was added to 
the solution. To get a homogenous mixture of the faint blue color, solution 
was kept for ultrasonication for 20 minutes. After that, put on a magnetic 
stirrer. Within an additional beaker of 40 mL DI water, 2.54 g of thiourea 
was dissolved simultaneously. Subsequently combine the mixture 
mentioned above with the thiourea solution. pH is maintained through 
progressively by adding ammonia to the entire mixture, with vigorous 
stirring at a consistent 95 °C temperature, and pouring a mixture of (0.4 g) 
TiO2 gradually. The blend was mixed until a blue-brown liquid appears. 
Then this mixture was transfered to a container and kept it for 15-minutes 
in the microwave heat (200W) treatment. Three repetitions of the 
microwave procedure were performed. Then, an intense dark brown 
precipitation was obtained; this solution was then filtered using Whatman 
qualitative filter paper. After keeping the dark brown suspension 
overnight, brown-colored powder was formed. The resultant product was 
first dried in the open at ambient temperature and then kept at 800 °C in 
a muffle furnace for two hours. Finally, gray-colored MT powder has 
obtained, which was further used for characterization (Fig. 1). Before the 
addition of TiO2, some of the solution mixtures were collected and 
annealed to 600 °C for 24 hours, resulting in the whitish-gray-colored 
MoO3 nanomaterial. 

 

 
Fig. 1 Diagrammatic representation of MT synthesis using microwave technique  

 
2.2 Experiment Setup of Methyl Orange Dye Photodegradation 

Under solar irradiation, the MT heterostructure photocatalyst was 
measured for photocatalysis using the organic dye Methyl orange (MO), 
which is used as a model dye. First, a 100 mL volume beaker was filled 
with the MO dye aqueous solution where 10 ppm MO liquid dye was added 
to 100 mL of water. The weight of the synthesized nanocatalyst powder 
was then determined to be 0.06 g. The combined solution was continually 
sonicated and agitated to ensure adequate mixing and even dispersion of 
the photocatalysts. After that, it was stored for 25 to 30 minutes in a dark 
environment to reach the adsorption-desorption equilibrium. Then 5 mL 
of the MO dye aqueous solution was taken out after 30 minutes to record 
the photodegradation of the solution. The beaker with the solution was 
retained under the sunlight for the first reading, which was recorded at 0 
minutes. Employing a UV-visible spectrophotometer, the peaks of 
absorption with 15-minute intervals of time were measured from these 5 
mL solutions to determine the efficiency of degradation and rate-order 
constant of the synthesized photocatalyst. The beaker was taken out of the 
darkroom and placed under solar irradiation after 30 minutes. 
 
2.3 Testing and Characterization of Materials  

To analyse physical properties of as synthesized nanomaterial, at 
ambient temperature, X-ray diffractometer (XRD) readings (Bruker D8 
Advanced) were collected providing wavelength of 0.154 nm. A step size 

of 0.02° was used for data measurement. Using a Perkin Elmer Lambda-25 
UV-Vis spectrophotometer, Bandgap adjusting features and an optical 
coefficient of absorption were investigated. Using Bruker Vertex 70 
spectrometer (made in Germany), the Fourier transform infrared 
spectroscopy (FT-IR) was used to highlight the chemical bonding in the 
prepared sample in the 500–4000 cm−1 wavelength range. The sample's 
surface morphological images were captured using FE-SEM (MIRA II LMH 
from TESCAN). Every measurement was taken at room temperature. 
Antibacterial activity was carried out using the disc diffusion method and 
the zone of inhibition was noted down. 
 

3. Results and Discussion 

3.1 Analysis of X-Ray Diffraction  

To clarify the structure, x-ray diffraction (XRD) was used to 
characterize the synthesized sample, as shown in Fig. 2. The subsequent 
diffraction peaks of tetragonal TiO2, shows the formation of polymorph, 
that is, rutile phase confirmed with JCPDS data card #01-076-0317. TiO2 
nanoparticles exhibited prominent peaks in diffraction for rutile phase at 
27.4°, 36.0°, 41.2°, 54.3°, and 56.6° corresponds to (110), (101), (111), 
(211), and (220) planes respectively [22]. Peaks at 12.7°, 23.5°, 25.5°, 
27.5°, 38.72°, and 57.6° assigned respectively to (020), (110), (040), (021), 
(060), and (171) planes revealed to orthorhombic MoO3, accordingly 
JCPDS data card #01-075-0912. At last, the MT heterostructure showed 
peaks belonging to both orthorhombic MoO3 and rutile TiO2. These results, 
well agree with the data from conventional literatures, clearly indicate the 
development of MoO3@TiO2. 
 

 
Fig. 2 X-ray diffraction graph representing TiO2, MoO3, and MT heterostructure 
nanomaterials 

 
From the observed diffraction patterns the structural features 

resembling, interplanar spacing (d), lattice constant, dislocation density 
(δ), and crystallite size (D) are calculated [5] and tabulated in Table 1. 

 
The Debye Scherrer’s formula is given in Eq.(1), 
 

𝐷 =
0.94 𝜆

𝛽𝑐𝑜𝑠𝜃
      (1) 

 
where, β = full-width half maxima (FWHM); λ = wavelength is 1.54056 Å. 

 
Dislocation density (δ) was calculated by following Eq.(2), 
 

𝜕 =  
1

𝐷2
      (2) 

 
As For rutile TiO2 the lattice constants calculated as below by the Eq.(3), 
 

1

𝑑2
= [ℎ2 + 𝑘2 + 𝑙2(

𝑎

𝑐
)2]

1

𝑎2
    (3) 

 
For orthogonal MoO3, the lattice constants can be given as following 

Eq.(4), 
 

1

𝑑2
= (

ℎ

𝑎
)2 + (

𝑘

𝑏
)2+ (

𝑙

𝑐
)2    (4) 

 
Table 1 Calculated microstructural parameters of pristine TiO2, MoO3 and MT 

Samples Lattice constant (Å) D (nm)  𝜕 (nm)-2 
a c 

TiO2 4.59 2.95 20 0.0025 
MoO3 3.92 3.66 18 0.0031 
MoO3@TiO2 (MT) 4.32 3.29 15 0.0044 
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3.2 Surface Analysis 

The typical surface electron micrographs of the TiO2 and MT 
nanocomposite are illustrated in Fig. 3. As prepared TiO2 nanoscale 
materials show crystals aggregate morphology as depicted in Fig. 3(a). At 
200 nm resolution, illustrated in Fig. 3(b), clump formation of MT 
nanocomposite may result from Ostwald ripening [5], which gives rise to 
various nanostructures such as spheres, beads, and doughnut. Fig. 3(c) 
makes it easier to discern the SEM image of MT heterojunction 
nanocomposite on 100 nm resolution, showing beads, spheres, and a big 
doughnut are formed. This can be the result of the high temperature or 
reaction time during the composite's microwave synthesis. 
Supersaturation happens at higher temperatures, which speeds up the 
nucleation rate. This shortens the time it takes for the crystal core to grow. 
Nucleation replaces grain refinement as the reaction's regulatory phase. 
Agglomeration results from nuclear accumulation brought on by the 
crystal core's fast growth, which is visible at higher temperatures. The 
primary determinant of the ultimate product's form and texture is its rate 
of agglomeration [23]. 
 

 
 
Fig. 3 FE-SEM pictures of (a) TiO2, (b) & (c) MT nanomaterials 

 
3.3 UV-Vis Spectroscopy  

To evaluate the changes in the optical bandgap that arise from 
comparing the responses of incident light, the UV-visible absorption 
spectra of MT and rutile TiO2 were employed as depicted in Fig. 4. The 
graph of optical absorption shown in Fig.4(a) and the place in graph shows 
the bandgap Eg = 2.5 eV of the MT heterojunction photocatalyst. The MT 
exhibits superior absorption properties in the electromagnetic spectrum. 
Spectra of the absorption region for MT seem significantly red-shifted, it 
might be associated with the chemical bonding between MoO3 and TiO2. 
For the TiO2 nanoparticle, the optical absorption plot is depicted in Fig. 
4(b) and place in reveals the calculated bandgap Eg = 3.1 eV. The bandgap 
values of the MT heterojunction nanocomposite and TiO2 were computed 
using Tauc's relation, which is shown in the below Eq.(5), 

 

αhν = (hν‒ Eg)
1

2     (5) 
 
where, α = absorption coefficient, hν = photon energy, and Eg = energy 
bandgap of the synthesised nanomaterial. 
 

 
Fig. 4 Absorption spectrum with an inset of Tauc’s plot of prepared photocatalyst (a) 
MT and (b) TiO2 nanomaterials 

Evidently, the pure TiO2 nanoparticles' spectra exhibit a notable 
wavelengths less than 400 nm that are absorbed, which is related to its 
inherent bandgap absorption. Additionally, TM's unique heterojunction 
structure would enhance light harvesting. This supports their ability for 
photocatalysis [24]. 
 
3.4 Photoluminescence Analysis 

To evaluate the photo-generated charges recombination performance 
PL spectra have been carried out. The PL spectra at λmax=325 nm of TiO2 
and MoO3@TiO2 depicted in Fig. 5. The broad peak at 468 nm is the result 
of an electron stuck in a hole in the valance band of TiO2 caused by an 
oxygen vacancy. When comparing the MoO3@TiO2 PL spectrum to that of 
TiO2, there is a discernible peak loss at 470 nm, which accounts for its 
distinct heterostructure. Transmission of electrons through the 
photoexcited TiO2 nanoparticle’s VB to the MoO3 CB is energetically 
advantageous for MoO3@TiO2 which inhibits the recombination of 
photogenerated charges. It also indicates MT has the lowest rate of 
recombination of charge carriers, implying, the charge providers have a 
higher lifespan and may produce more active •OH radicals during the 
photocatalytic process. 
 

 
 
Fig. 5 PL spectra of TiO2 and MoO3@TiO2 heterojunction nanocomposite 
 

3.5 FTIR Analysis 

To confirm the heterojunction structure and Ti–O–Mo bonds, FT-IR 
spectra of as synthesised heterojunction nanomaterial has been recorded 
and the results have been shown in Fig. 6. The bands at 774 and 975 cm -1 
in the spectrum correspond to the rotation of the Ti–O–Ti bond and the 
vibration of the Ti–O bond, respectively [25, 26]. The characteristic band 
at 995 cm-1 indicates  the molybdenum to oxygen double bond in layered 
orthorhombic MoO3 phase. The Mo–O–Mo entity's bending vibrational 
modes are responsible for the band at 870 cm−1, whereas its stretching 
mode vibration is attributed at 560 cm−1. Lastly, it is revealed that the 
elongation mode of the terminal Mo–O bond is responsible for the peak at 
506 cm−1[26, 27]. The vibration of the Ti–O–Mo species is responsible for 
the appearance of an additional peak at 945 cm -1 in the  spectra. It suggests 
that during the heterostructure composites' formation process, a Ti–O–Mo 
species forms at the point where TiO2 and MoO3 intersect narrowing the 
MoO3@TiO2 bandgap and enabling the flow of electrons from TiO2 to MoO3 
under sunlight irradiation [28, 29]. 
 

 
Fig. 6 FTIR Spectra of MT heterostructure nanocomposite 
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3.6 Photocatalytic Activity 

In this work, the photodegradation procedure of the MT nanomaterial 
in sunlight conditions was investigated using the MO dye (an organic 
contaminant). The obtained absorbance spectra were employed to assess 
the activity according to the concept of rate order kinetics. The absorption 
measurements (Fig. 7(a)), indicates the primary peak intensity (477 nm) 
decline over time attribute the significant photodegradation of current 
nanomaterial.  

At first 30 minutes, before exposure to light, the degradation was 
monitored in complete darkness for adsorption-desorption equilibrium. 
Fig. 7(b) illustrates that there is a modest decrease in comparison to 
photoactivity in the presence of sunlight. The photodegradation efficacy 
for 90 minutes was estimated Using Eq.(6), 

 

Photodegradation Efficiency(%) = (
𝐶0 −𝐶100

𝐶0 
 ) × 100   (6) 

 
Variables affecting on the photocatalyst performance observed in 

sunlight are i) recombination between electron and hole pairs, ii) average 
crystal size and iii) absorption coefficient tuning 

Furthermore, the kinetics of the degradation procedure can express as 
follows, 

𝑟 = −
𝑑𝑐

𝑑𝑡
=

𝐾𝑘𝑠

(1+𝐾𝐶)
      (7) 

 
It can be simplified as: 
 

𝑟 = −
𝑑𝑐

𝑑𝑡
 = kA      (8) 

 
It implies that the MT nanocomposite degrades the dye according to 

pseudo-first-order kinetics. Hence, on integrating Eq.(9), the rate constant 
(k) for the aforementioned nanomaterial was determined. 

 

𝐿𝑜𝑔 (
𝐶0

𝐶𝑡
) = 𝑘𝑡       (9) 

 
where, C0 stands for time t = 0 minutes, and Ct stands for time t = 90 
minutes. 

From the slope of the graph (Fig.7(c)), the measured value of rate 
constant comes out to k = 0.0219 min-1 for MT heterojunction 
nanocomposite.  Compared to TiO2 material [30], the measured k value for 
MT is high due to, i) the small bandgap that increases photon capacity of 
absorption, ii) Z-scheme heterostructure between MoO3 & TiO2, iii) high 
number of active sites and iv) microwave technique attributes 
modification of surface structure. 

 

 

Fig.7 (a) Photodegradation spectra of respective dye with MT nanocomposite 
relation to time, and rate kinetics plot (b) time v/s C/C0 and (c) time v/s log (C0 /Ct) 

 
3.6.1 Conceivable Mechanism Under Solar Energy for Degradation of 

Respective Dye using Mt Nanocomposite 

An intriguing strategy for environmental protection is the water 
deterioration via photocatalysis contaminants accompanied by solar 
powered purification of water. In the current work, MT composite has 
been utilized for photocatalytic degradation. As seen in Fig. 8, under solar 
energy photons with energies greater than its band width energy (Eg), are 
produced by TiO2. Since the excited charges are unstable hence, they get 
recombined quickly. MoO3's Z-scheme allows it to efficiently absorb the 
charge carriers that photons produce, reducing the rate of recombination 
[31, 32]. The allocated holes can be used as an oxidant to destroy organic 
contaminants, while the separated electrons can be used as reluctance. 

Eq.(10) shows the electron-hole pairs produced during photocatalytic 
degradation. 

 
MoO3 / TiO2 +   hν = MoO3 (h+) / TiO2 (e-)  (10) 

 
Then, the hydroxyl radicals are producing on reacting of 

photogenerated holes with water molecules, on the surface of the 
composite, 

 
h+ + H2O       →        •OH + H+     (11) 

 
The surface of the composite contains organic compounds which are 

directly oxidized by these holes and hydroxyl molecules. Produced 
electrons can react with atmospheric oxygen to make superoxide radical 
anions (•O2

-). Subsequently, •O-
2 can undergo a complex series of 

transformations to become •OH. consequently, the main oxidants for the 
degradation of MO are photoinduced holes and the hydroxyl radicals 
(•OH) they generate. 

 
Initiation (Electron Attachment to Oxygen): 

An electron (from radiation) combines with molecular oxygen to 
produce the superoxide anion radical. 

 
e− + O2 → •O2

− 

Interaction with water: 

Superoxide interacts with water, producing hydroperoxyl radical 
(•HO₂) and hydroxide ion. 

 
•O2− + H2O → •HO2 + OH− 

Propagation: 

The hydroperoxyl radical combines with water to form hydrogen 
peroxide (H₂O₂) and the hydroxyl radical (•OH), which is a highly reactive 
species. 

 
•HO2 + H2O → H2O2 + •OH 

 
Decomposition of Hydrogen Peroxide: 

Hydrogen peroxide decomposes into two hydroxyl radicals. 
 

H2O2 → 2•OH 
 

 
Fig. 8 Conceivable mechanism for MT heterostructure nanocomposite 
 

 
Fig. 9 The impact of several active scavengers on the prevention of MO 
dye degradation of nanocomposite MT 
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3.6.2 Scavenger Study 

To examine the related ROS (reactive oxygen species) generated 
throughout the photo degradation procedure, substances that scavenge 
were introduced into the MO mixture. The catalyst dose was set at 0.5 
g/dm3 and the concentration was 20 mg/dm3, with the first application 
occurring in the presence of sunlight. In the degradation process, 
Ethylenediaminetetraacetic acid disodium (Na2EDTA/EDTA), p-
benzoquinone (BQ), and isopropyl alcohol (IPA) were utilized to in order 
to cool the photoexcited OH, O2

−, and holes (h+). When p-benzoquinone 
(BQ) was added to the MO solution, Fig. 9 only displayed very little 
degradation (28%), but when IPA was present, degradation efficiency 
improved by 56%. When compared to BQ and IPA, EDTA exhibits 
approximately 80% higher degradation. This study revealed that the 
active species, OH and O2

− are essential for the MO dye degradation process 
involving MT photocatalyst. 
 
3.6.3 Repeatability Test 

Furthermore, microwave synthesis provides a high yield of products in 
a shorter amount of time as compared to other conventional processes. 
During the analysis of MT's application in photocatalytic processes, the 
topic of photostability was also raised. After the first cycle photocatalyst, 
that was assembled kept for annealing at 80 °C then utilized in the 
subsequent cycles to analyze the photocatalytic cycle. After addition to the 
new MO dye solutions, carried out the identical steps as for the first cycle 
once more.  

 

 

 

 
Fig. 10 Photodegradation six repeatability test cycles with heterojunction MT 
photocatalyst (a) photodegradation process, (b) Time vs Log (C0/ Ct), pseudo-first-
order rate constant, and (c) photodegradation efficiency for six repeated cycles 

After six successive cycles, the resultant activity of photocatalysis, 
pseudo-first-order rate constant, and photodegradation productivity are 
shown in Fig. 10(a), (b), and (c), respectively. The photocatalytic activity 
of the MT photocatalyst is depicted in Fig. 10(a), which displays the least 
amount of activity aberration even after the third cycle. Nevertheless, the 
photocatalytic activity following the sixth cycle demonstrates improved 
and effective performance. Fig. 10(b) shows the pseudo-first-order rate 
constants that are determined for every successive cycle. When comparing 
the k values, there is a noticeable difference after the third cycle, and the 
values thereafter display minimal deviation. Fig. 10(c) illustrates the 
resulting photodegradation efficiency for each cycle, demonstrating a 
reduction in efficiency from 92% to 88.4%. 

Table 2 compares the process of photocatalysis of the microwave-
assisted MT nanocomposite photocatalyst with other known 
photocatalysts.  

 
Table 2 Comparative data of decomposition of certain harmful dyes of different 
photocatalysts 
 

S.  

No. 

Photocatalysts Target dye Irradiation 

source 

Reaction 

time 

Degrad- 

ation (%) 

Synthesis 

technique 

Ref. 

1. MoO3/Ag-TiO2 MO UV  5.5 hr 75.8 Sol-gel [33] 

2. TiO2–MoO3 MB Visible  4 hr 33 Electro- 

spinning  

[34] 

3. TiO2/MoO3 Rhodamine 

B  

Visible  120 min 91.4 in-situ growth 

method 

[35] 

4. Fe2O3/MoO3 MB Visible  180 min 91.5 Microwave [36] 

5. ZnIn2S4@MoO3 TC-HCl Visible  90 min 94.5 Hydrothermal [37] 

6. MoO3 MB Visible  60 min 99.7 Thermal 

treatment 

[38] 

7. MoO3–g-C3N4 Mo Solar  120 min 91 Sol-gel method [39] 

8. MoS2/TiO2 MO solar  80 min 94 Surface 

sensitization 

[16] 

9. GO-TiO2 MO solar  240 min 85 Hydrothermal 

process 

[40] 

10. TiO2-CuO Tetracycline Mercury 

lamp 

90 min 95 Microwave 

technique 

[41] 

11. MoS2/BiVO4 TC-HCl Visible  90 min 93.7 Microwave-

assisted 

[42] 

 

12. rGO/TiO2 R6G UV  240 min 80 Microwave 

technique 

[43] 

13. N/TiO2/rGO Ciprofloxacin UV  120 min 90 Microwave [44] 

14. ZnMgS@TiO2 MB Visible  100 min 96.5 Coprecipita-

tion method 

[5] 

15. MoO3/TiO2 MO Sunlight 90 min 92 Microwave-

assisted 

This 

work 

 

3.7 Antibacterial Activity of MT 

The antibacterial activity of our sample was evaluated using the agar 
diffusion assay (Disc diffusion method) against two bacterial strains. All 
three samples TiO2, MoO3, and MT show observable inhibition of the 
surrounding material determined by the zone of inhibition after a 24 h 
incubation period (Fig. 11). The zone of inhibition of the prepared material 
against gram-positive (S. Aureus) and gram-negative (E. Coli) bacteria is 
indicated in Table 3. Table 3 result explain that antibacterial action of all 
samples is superior against Gram-positive bacteria (S. Aureus) than Gram-
negative bacteria, (E. Coli). This might be due to the extra outer membrane 
of lipopolysaccharides and peptidoglycan on the cell walls of gram-
negative bacteria, which facilitates their reduction of nanoparticle 
resistance. [45].  

 

 
Fig. 11 Antibacterial activity against E. coli of (a) TiO2, b) MoO3 and (c) MT; S. aureus 
(d) TiO2, (e) MoO3 and (f) MT nanomaterials 
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Table 3 The diameter of zone inhibition of TiO2 and MT nanomaterials 

Bacteria sample Sample code Sample Zone inhibition (mm) 

Escherichia coli a TiO2 7.14 

b MoO3 7.91 

c MT 9.73 

Staphylococcus aureus d TiO2 7.76 

e MoO3 8.24 

f MT 9.87 

 
Furthermore, when compared to as synthesised MT nanomaterial 

(crystal size 15 nm), the total bactericidal potency of TiO2 and MoO3 
nanoparticles is shown to have decreased somewhat; this could be 
because of their increase in crystallite size (20 and 18 nm respectively). 
Several study groups reported that the morphologies (particle size and 
shape) of distinct nanoparticles have a significant impact on their 
antibacterial activity [46, 47].  

The antibacterial activity decreases with an increase in the crystallite 
size. The reason behind the size-dependent antibacterial activity of MT 
nanoparticles is their increased solubility in the medium as their particle 
size decreases. Smaller particle sizes increase solubility and cause the 
medium to contain more ions. This changes the pH of the medium. Ions are 
released and the pH changes, which causes an increase in antibacterial 
activity with a decrease in size. Moreover, MT photocatalyst has more 
bactericidal potency against the above-mentioned bacteria because of its 
good photocatalytic property that causes accumulation of nanoparticles 
inside the cell, results in reactive oxygen species (ROS) generation, 
causes DNA damage, or cellular protein inactivation, that may be the cause 
of the cell death.  

The results of this study motivate us to employ MT instead of TiO2 and 
MoO3 nanoparticles as possible antimicrobial substances in a range of 
biological future uses in pharmaceuticals. 
 

4. Conclusion 

In this work, MoO3@TiO2 (MT) nanocomposite material was 
synthesized by using an easy, fast, and environmentally safe two-step 
microwave-assisted (MW) method along with sol-gel technique as a first-
step. Finally, prepared samples were further utilized for the 
photodegradation and antibacterial applications. Before, approaching the 
applications, the XRD and FTIR analysis results were verified with respect 
to the structural and compositional studies of MT nanocomposite. The 
crystallite dimensions such as average crystal size of MT and TiO2 from the 
XRD pattern are depicted to be 15 nm and 20 nm respectively. Optical 
characteristics have been evaluated; the visible region functioning of the 
generated nanocomposite supports MT's band gap of 2.5 eV, which is 
lower than TiO2's band gap of 3.1 eV.  

Furthermore, under sunlight, the photocatalytic behaviour against MO 
dye using the MT photocatalyst were studied and the obtained results 
demonstrate the improved and more effective performance of the MT 
photocatalyst. While observing the SEM images, agglomeration leads to 
the formation of different nanostructures, which may be the source of the 
MT nanocomposite's superior light-harvesting capacity and good 
photocatalytic activity. With its ability to prevent quick transferring 
charge and guarantee effective ion dispersion across long periods, the Z-
scheme mechanism incorporating MoO3 and TiO2 may improve 
photodegradation.  

Additionally, the results of the FE-SEM investigation reveals that more 
sites are actively operating in MT compared to TiO2 which supports the 
efficient photocatalytic study of MT. PL analysis indicates MT has the 
lowest rate of recombination of charge carriers, implying, the charge 
providers have a higher lifespan and may produce more active •OH 
radicals during the photocatalytic process. Further, it is clear from the ROS 
study that O2- & OH− are the main active species that degrade MO dyes and 
played a major role in this process. Even after six consecutive rounds of 
photocatalysis, the repeatability test result supports the reusability of MT 
samples, and their performance is still more effective than that of other 
photocatalysts.  

Moreover, the antibacterial activity was also studied against two 
bacteria, gram-positive (S. Aureus) and gram-negative (E. Coli) bacteria, 
bactericidal potency of the TiO2 nanoparticles considerably enhanced 
their performance against S. Aureus and E. Coli on heterostructure with 
MoO3 proved to be an effective antibacterial agent.  

The MT nanocomposite demonstrates significant potential for the 
degradation of organic contaminants and various environmental 
pollutants under sunlight. Its visible light responsiveness and 
straightforward microwave-assisted synthesis process offer a cost-
effective and scalable solution for environmental remediation 
applications. 
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