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The present study focused on the fabrication of molybdenum trioxide nanoparticles (MoO3) from a 

molybdenum complex with N-salicylideneaniline [Mo(C13H10NO)3] ligand as the precursor. The 

ligand was synthesized and characterized by 1H NMR and 13C NMR. The synthesized MoO3 

nanoparticles were characterized by powder X-ray diffraction, FT-IR, UV-visible spectroscopy, TG-

DTA, SEM-EDX and TEM. The results clearly showed the formation of nanoparticles of MoO3. 

The absorption spectra of MoO3 at 341 nm revealed the formation of MoO3 by calculating the band 

gap at 2.8 eV. TG–DTA showed MoO3 was stable up to 800 °C. SEM and TEM analyses clearly 

indicated the formation of MoO3 nanoparticles in the range of 30-47 nm. The NPs were tested for 

their cytotoxicity influence on MCF7-human breast adenocarcinoma cell lines. The findings 

suggested MoO3 had the capacity to kill 50% of viable cells after 24 h of incubation at 37 °C. The 

observations strongly suggest that MoO3 nanoparticles have therapeutic potential against human 

breast cancer cells based on the dosage of the drug after an incubation period of 24 h.  
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Cancer is a prevalent disease worldwide and kills more 

than 1500 people every day in the United States, 

according to the American Cancer Society (ACS, 2012) 

[1]. Researchers are exploring novel alternatives for 

cancer therapy. Nanomaterials have shown significant 

potential for the treatment of cancer due to their ability 

to overcome cell motility issues over the last decade [2-

4]. Nanomaterials are emerging as an alternative to 

conventional chemotherapy due to their selective 

toxicity. The toxicity of nanoparticles (NPs) toward 

cancer cells depends on several elements, such as the 

size, shape and surface chemistry of the NPs, the specific 

cellular systems and the interactions among them [5]. 

Nanomaterial-assisted cancer therapy includes the 

controlled delivery of drugs/photosensitizers to reduce 

the side effects of chemo/photodynamic therapy [6], 

targeted drug delivery to kill specific cancer cells [7], 

magnetic hyperthermia [8], nano cryosurgery [9], 

sonodynamic therapy [10] and photothermal therapy 

[11]. Fundamental research involves the development of 

novel materials and the study of their toxicity toward 

cancer cells and the mode of cell death. This will lead to 

the development of materials for basic research in the 

biological sciences and clinical medicine [12,13]. The 

characteristics of nanomaterials are completely different 

as the behaviour and interactions of atoms are unique. 

The properties of atoms at the nano scale differ from the 

properties of bulk materials [14]. Molybdenum oxide 

nanomaterial shows antimicrobial activity. This can be 

attributed to its small size and high surface area to 

volume ratio which allows the particles to attach closely 

to the microbial membrane and release the metal ion in 

solution [15]. Bacteria, primarily Staphylococcus 

aureus, are a major cause of infections globally, from 

skin and soft tissue infections to more critical illnesses 

such as bacteremia, pneumonia, osteomyelitis, and 

endocarditis. The high morbidity and mortality 

correlated to S. aureus contamination is mainly due to 

its methicillin-resistant form (MRSA) [16]. This was 

historically linked to hospital-acquired infections, but 

eventually spread to the community. S. aureus can 

survive on a variety of environmental surfaces at a broad 

range of temperatures and humidity, even in sunlight 

[17]. Therefore, although transmission of S. aureus 

mainly occurs by direct human-to-human skin contact, 

environmental surfaces represent an important reservoir 

for dissemination as well. The death rate from fungal-

related infections is also worrisome, and in a population 

of immune-compromised individuals, fungal infections 

can contribute toward an increase in morbidity and 

mortality rates [18]. Candida is a yeast that maintains a 

commensal relationship with the human body under 
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normal circumstances but in a situation where an 

individual has a compromised immune system, it 

becomes pathogenic [19, 20]. 

 

Nanoparticles (NPs) are worthy alternatives in 

combating fungal resistance to antifungal agents. The 

use of metal and metal oxide nanomaterials in cancer 

therapy has recently been investigated. The cytotoxic 

effects of silver and gold NPs on various cancer cell 

types have also been explored. Similarly, metal oxides 

such as ZnO, TiO2, CeO2, and CuO show selective 

toxicity toward cancer cells. The increasing death rates 

due to cancer and the failure and side effects of 

chemotherapeutic drugs have motivated researchers to 

develop new nanomaterials for cancer therapy [21-23]. 

In this regard, interest has focused on molybdenum 

trioxide (MoO3) nanostructures because of their 

multifunctional properties in photocatalysis, 

electrochemical capacitors, oxidative catalysts and in 

antibacterial applications [24-26]. Molybdenum is an 

essential trace element for humans, animals, and plants. 

Molybdenum in trace concentrations can be found in 

foods such as cereal grains, cheese, leafy vegetables, 

legumes, milk, nuts, and organ meat. In the human body, 

molybdenum is stored in the bones, glands, liver, and 

kidneys [27]. It can also be located in the lungs, muscles, 

skin, and spleen, but almost 90% of molybdenum food 

is removed through urine. Medical applications of 

molybdenum are numerous, and include the prevention 

of dental caries, curing anaemia, enhancement of 

immunological reactions, and as an anticancer and 

antidiabetic agent [28-30]. Molybdenum has an 

antagonistic action against copper where high 

concentrations of molybdenum can decrease copper 

absorption and lead to copper deficiency. Hussain et al. 

demonstrated that MoO3 NPs are less toxic than silver 

NPs against BRL 3A rat liver cells [31]. Stolle et al. 

showed that MoO3 is less toxic than Ag NPs against a 

mouse spermatogonial stem cell line [32]. Recent 

studies of polyoxomolybdates (a structure containing 

discrete molybdenum oxide anion clusters) showed their 

potential antitumour activity toward pancreatic and 

gastric cancer cells [33]. Although many applications of 

MoO3 NPs in various forms have been studied in 

biological systems in the past decade, few studies have 

examined the anticancer effects of nano MoO3 on cancer 

cells. Hence, a study on the toxicity of MoO3 

nanomaterials towards cancer cells, as well as its 

antimicrobial and antifungal activities, would be of 

immense interest. Therefore, this study focussed on the 

cytotoxicity of MoO3 nanomaterials on MCF-7 human 

breast adenocarcinoma cancer cell lines. 

 

EXPERIMENTAL SECTION 

 

1. Materials and Methods 

 

All chemicals and reagents, purchased from Merck and 

Sigma-Aldrich, were analytical grade and used without 

any further purification. 

 

2. Preparation of N-salicylideneaniline 

(C13H11NO) Ligand 

 

Salicylaldehyde (1.22 g, 10 mmol) in methanol (10 mL) 

was added dropwise to a solution of aniline (1.22 g, 13.7 

mmol) in methanol (10 mL). The mixture was stirred at 

27 °C (room temperature) for 5 h. The solvent was 

allowed to evaporate and the yellow colour precipitate 

obtained was filtered and dried. The progress of the 

reaction was monitored by thin layer chromatography 

(TLC). The crude product was recrystallized with ethyl 

acetate (yield: 2.08 g, Scheme 1) [34].  

 

3. Preparation of Molybdenum Trioxide 

Nanoparticles 

 

Molybdenum trioxide nanoparticles (MoO3) were 

synthesized from molybdenum N-salicylideneaniline 

complex [Mo(C13H10NO)3] as precursor. 0.5 g molybdic 

acid (H2MoO4) and 2.0 g N-salicylideneaniline 

(C13H11NO) were added to ethanol (30 mL) and the 

reaction was allowed to run for 5 h with continuous 

stirring at 40 °C. The product was dried at room 

temperature for 6 days. The yield was found to be 2.175 

g. The complex was ashed in a muffle furnace at 600 °C 

for 4 h and then weighed again. The yield after 

calcination was found to be 0.447 g (Scheme 2). This 

was characterized as molybdenum trioxide nanoparticles 

(MoO3).
 
 

 
 

Scheme 1. Preparation of N-salicylideneaniline 
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Scheme 2. Synthesis of molybdenum complex with N-salicylideneaniline and formation of MoO3 nanoparticles by 

complex calcination 

 

 

4. Characterization of Synthesized Materials 

 

The N-salicylideneaniline (C13H11NO) ligand was 

characterised by 1H NMR and 13C NMR using a Bruker 

EXT 40218 spectrometer. The synthesized molybdenum 

complex [Mo(C13H10NO)3] and molybdenum trioxide 

nanoparticles (MoO3) were analyzed using a Rigaku 

Smart Lab X-ray diffractometer. TGA-DTA curves were 

recorded on a Perkin Elmer STA 8000. UV-Visible and 

FT-IR spectra were obtained using a Shimadzu 

spectrophotometer (Model MPC-3100) and a Perkin 

Elmer FT-IR spectrophotometer, respectively. For nano 

molybdenum trioxide, SEM-EDX analysis was 

performed with a ZEISS Gemini Instrument and EDX 

Bucker CAL 4231 and TEM analysis with a FEI-TITAN 

THEMIS 300 KV. 

 

5. Reagents and Materials 

 

MCF7-human breast adenocarcinoma  cell line (From 

NCCS, Pune), DMEM high glucose cell culture medium 

(#AT111, Himedia), adjustable multichannel pipettes 

and a pipettor (Benchtop, USA), foetal Bovine Serum 

(#RM10432, Himedia), MTT reagent (5 mg/ml) (# 4060 

Himedia), dimethyl sulfoxide (#PHR1309, Sigma), 

Camptothecin (#C9911, Sigma), D-PBS (#TL1006, 

Himedia), 96-well cell culture plate (Corning, USA), 

T25 flask (# 12556009, Biolite - Thermo), 50 ml 

centrifuge tubes (# 546043 TORSON), 1.5 ml centrifuge 

tubes (TORSON), 10 ml serological pipettes 

(TORSON), 10 to 1000 μl tips (TORSON).  In vitro 

antibacterial activities were examined for given samples 

(bulk and NPs). Antibacterial activities of samples 

against bacteria were investigated by the agar diffusion 

method. The samples were used for the determination of 

zones of inhibition or sensitivity against Escherichia 

coli ,  Staphylococcus aureus ,  Bacillus sp. and 

Pseudomonas sp. strains. Antifungal activities of 

samples against fungi were investigated and samples 

were used for the determination of zones of inhibition or 

sensitivity against Aspergillus sp. and Trichoderma sp. 

 

6. Cell line and Cell Culture of Anticancer 

Activity Experiment 

 

A 200 μg cell suspension was seeded in a 96-well plate 

at the required cell density (20,000 cells per well) 

without the test agent. Cells were allowed to grow for 

about 24 h at an appropriate concentration and the plate 

was incubated for 24 h at 37 °C in a 5 % CO2 

atmosphere. The plate was then taken out of the 

incubator and the spent media was removed. MTT 

reagent was added to a final concentration of 0.5 mg/mL 

of the total volume. The plate was wrapped with 

aluminium foil to avoid exposure to light, and then 

returned to the incubator for 3 h. (Note: Incubation time 

varies for different cell lines. Within one experiment, the 

incubation time should be kept constant for 

comparison). The MTT reagent was removed and then 

100 μg of solubilisation solution (dimethyl sulfoxide) 

was added. Dissolution was enhanced by gentle stirring 

in a gyratory shaker. Occasionally, samples were 

pipetted up and down to completely dissolve the MTT 

formazan crystals, especially in dense cultures. 

 

7. Cell Viability Assay 

 

The effect of MoO3 nanoparticles on cell viability was 

determined using the MTT assay. Briefly, cells (3 x 104 

cell/mL) were seeded in 96–well plates in 200 μg of a 

medium containing antibiotics and 10 % FBS. After 24 

h the cells were treated with different concentrations of 

MoO3. After 48 h 20 μg of MTT solution was added to 

each well, followed by incubation in a humidified  
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environment for 4 h. The supernatant was removed and 

150 μg of dimethyl sulfoxide was added. The plates were 

shaken in the dark for 30 min and then analysed with a 

Sunrise micro plate reader at an absorbance wavelength 

of 570 nm. Cell viability was recorded as a percentage 

of the control viability (mean ± SD). The blank 

contained 200 of RPMI 1640 or DMEM-F12 with 10 % 

FBS and equivalent reagent concentrations. All 

experiments were conducted in triplicate [35]. 

 

8. Antibacterial Activity Experiment 

 

The antibacterial activities were analysed by the agar 

diffusion method [36]. The nutrient agar was prepared 

as per the following composition: peptones 0.5% 

(concentration), yeast extract 0.3 %, sodium chloride 0.5 

%, agar 1.5 %, pH 5.6 ± 0.2, distilled water 1000 mL. 

The nutrient agar was autoclaved at 121 °C and 15 lbs 

pressure, then cooled and poured on sterilized petri 

plates and allowed to solidify. Samples were poured into 

different plates after solidification and the plates were 

incubated at 37 °C for 24 h. Bulk molybdenum trioxide 

was used as a standard for comparison. Antibacterial 

activity was found to be dependent on the zone of 

inhibition (in mm). If the inhibition zone was <7 mm, 

the sample showed less antibacterial activity while if it 

was >7 mm, then sample showed better antibacterial 

activity.   

 

9. Antifungal Activity Experiment 

 

The antifungal activities of samples were investigated by 

employing the agar diffusion method [37]. The samples 

were used for the determination of their zones of 

inhibition or sensitivity against Aspergillus sp. and 

Trichoderma sp. The antifungal activities were 

performed on potato dextrose/sabouraud dextrose agar 

medium. The agar media were prepared as follows: 

dextrose (glucose) 40 g, peptone 10 g and agar 15 g (pH 

5.6 ± 0) were added to 1000 mL distilled water. The 

solution was autoclaved at 121 °C or 15 lbs pressure and 

then cooled before being poured into sterilized petri 

plates and allowed to solidify. A well was made after 

solidification and the samples were poured into different 

plates. The plates were incubated at 26-28 °C for 48-72 

h, and then observed for zones of inhibition. 

 

RESULTS AND DISCUSSION 

 

1. NMR Spectral Analyses of N-

salicylideneaniline Ligand (C13H11NO) 

 

NMR spectra were recorded of the ligand in 

dimethyl sulfoxide (d6) solvent at 25 °C. In the 1H 

NMR, the presence of nine aromatic protons, one  

hydroxyl proton  (δ 8.94) and one imine proton  

(δ 13.13) indicated the formation of a new 

compound. This was further supported by its 13C 

NMR spectrum, where a signal at δ 163.9 

indicated the presence of an imine group in the 

molecule. Furthermore, a signal at δ 148.5 was due 

to the carbon of ring (B) attached to a nitrogen. 

Other aromatic carbon signals appeared at δ 

117.1-133.2. Thus the ligand was assigned as N-

salicylideneaniline (C13H11NO) [38].  1H NMR 

(400 MHz, DMSO-d6): δH 6.98-6.99 (d, J = 7.2 Hz, 

2H), 7.31-7.39 (d, J = 7.2 Hz, 1H), 7.31-7.46 (m, 

5H), 7.65-7.70 (t, J = 7.2 Hz, 1H), 8.94-8.95 (t, J 

=7.2 Hz, 1H), 13.13 (s, 1H); 13C NMR (100 MHz, 

DMSO-d6): δC 163.9, 160.0, 148.5, 133.2, 132.0, 

129.0, 127.0, 121.0, 119.0, 117.1.   

 
 

 
 

Scheme 3. Structure of N- salicylideneaniline (ligand)  

 

 

2. Preparation and UV-Visible Spectra of 

Molybdenum Complex/Capping Solution 

 

Molybdic acid (H2MoO4) 1.0 g and N-

salicylideneailine (C13H11NO) 2.0 g was added to 

ethanol (30 mL) and the mixture was stirred at 

room temperature for 5 h at 40 °C. The solvent was 

allowed to evaporate and the white colour 

precipitate obtained was filtered and dried. The 

absorption spectra of the molybdenum complex 

[Mo(C13H10NO)3] was determined by UV-visible 

spectroscopy. The capping solution allows the 

ligand to stabilize the interface where 

nanoparticles interact with their medium of 

preparation. Specific structural features of 

nanoparticles are attributed to capping on their 

surface. These stabilizing agents play a key role in 

altering biological activity. The absorption 

spectrum of the molybdenum complex displayed 

two bands at 254 nm and 302 nm, as shown in 

Figure 1, due to π-π* transitions involving 

molecular orbitals located on the aromatic moiety 

in the complex. This clearly shows that metal to 

ligand charge transfer occurred in the 

molybdenum complex [39, 40]. 
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Figure 1. UV-Visible spectra of molybdenum complex with N-salicylideneaniline 

 

 

3. FT-IR Spectrum of Molybdenum Complex 

with N-salicylideneaniline [Mo(C13H10NO)3]  

 

The molybdenum complex with N-Salicylideneaniline 

[Mo(C13H10NO)3] was characterized by its FT–IR 

spectrum, as shown in Figure 2. The presence of the peak 

for the molybdenum–nitrogen band at 1070 cm-1 was due 

to the bonding between the central metal ion and the 

ligand (π-electron delocalization from the metal to the 

nitrogen atom and resonance interactions with the 

benzene derivative ring). The absorption band at 910 cm-

1 and 857 cm-1 was attributed to the (Mo–O) stretching 

mode. The band at around 3193 cm-1 was assigned to the 

stretching vibration of the N–H group. The strong bands 

at 1609 cm-1 indicated the stretching vibration of the -

C=N- group, while those at 1589 cm-1 and 3666 cm-1 O–

H were due to the phenolic oxygen moiety in the complex. 

The peak at 1483 cm-1 corresponded to the stretching and 

bending vibrations of O-H bonds of absorbed water 

molecules. The molybdenum complex exhibited a strong 

band at 1722 cm-1 due to (C=C). In the IR spectrum of Mo 

complexes, the band at 1269 cm-1 was assigned to (C-O) 

stretching vibrations. This band was also found in 

corresponding free ligands such as carbon monoxide 

(CO) and ammonia (NH3) at 1177-1136 cm-1.  These free 

ligand peaks are due to the decomposition of 

molybdenum complexes. The new bands at 544 cm-1 and 

690 cm-1, and 617 cm-1 may be assigned to υ(Mo-O) and 

υ(Mo-N) stretching. The band at 2927-2860 cm-1 may be 

due to impurities present in the complex [41]. 
 

 

 
 

Figure 2. FT-IR spectrum of molybdenum complex with N-salicylideneaniline 
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Figure 3. TGA-DTA curves of the molybdenum complex with N-salicylideneaniline 

 

 

4. TGA-DTA Analysis of the Molybdenum 

of Complex with N-salicylideneaniline 

[Mo(C13H10NO)3]  

 

The thermal stability of the molybdenum complex at 40 

°C to 900 °C was studied using a heating rate of 10 °C 

per minute. The TGA-DTA curves of the molybdenum 

complex are depicted in Figure 3. The TG curve showed 

that decomposition occurred at 150 °C. The first stage of 

decomposition indicated a weight loss of around 40%. 

Then, thermal decomposition took place between 150 °C 

and 350 °C. After 350 °C, a mild weight loss was also 

observed in the sample. On the other hand, the DTA 

curve showed an endothermic peak at 350 °C, due to 

decomposition of the molybdenum complex; however, a 

metal oxide was formed after 350 °C, and this was stable 

up to 800 °C.  

 

5. Preparation and UV-Visible Spectra of 

Synthesized Molybdenum Trioxide 

Nanoparticles (MoO3) 

 

Molybdenum trioxide nanoparticles (MoO3) were 

synthesized from molybdenum N-salicylideneaniline 

complex [Mo(C13H10NO)3] as precursor. 0.5 g  molybdic 

acid (H2MoO4) and 2.0 g  N-salicylideneaniline 

(C13H11NO) were added to ethanol (30 mL) and the 

reaction was allowed to run for 5 h with continuous 

stirring at 40 ºC. The complex formed was dried at room 

temperature for 6 days. The complex was ashed in a 

muffle furnace at 600 °C for 4 h and a white powder was 

formed. In Figure 4 (A), MoO3 shows an absorption 

peak at around 341 nm. The absorption spectrum was 

further analysed by plotting (αhv)2 against hv or energy 

based on Equation 1,  

 

(αhv)2 =A(hv-Eg)n………………(1) 

 

where α is the absorption coefficient, A is a constant 

independent of frequency v, n is the exponent that 

depends upon the quantum selection rules for the 

particular material and Eg is the band gap of the 

material. This relationship gives Eg by extrapolating the 

straight portion of (αhv)2 against hv in the plot shown in 

Figure 4 (B). Synthesized MoO3 nanoparticles show a 

band gap energy of approximately 2.8 eV [42]. This 

result is in agreement with other studies reporting a band 

gap for orthorhombic phase of MoO3 of approximately 

have great absorption at both ultraviolet and visible 

regions [43-47]. 
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Figure 4 (A). UV-visible absorption spectrum of molybdenum trioxide nanoparticles (MoO3) 

 

 

 

 
Figure 4 (B). UV-visible absorption band gap spectrum of molybdenum trioxide nanoparticles (MoO3) 

 

 

6. FT-IR of Molybdenum Trioxide 

Nanoparticles (MoO3) 

 

The composition and quality of the material was 

investigated by FT-IR spectroscopy. The FT-IR 

spectrum of the orthorhombic phase of MoO3 

nanoparticles is shown in Figure 5. The spectrum 

shows three strong peaks: 993 cm−1,  attributed to 

the terminal M=O stretching vibration, with an 

indicator of the layered orthorhombic MoO 3  

phase, 866 cm−1 to the stretching mode of oxygen 

in Mo–O–Mo bonds, and a broad band at 

572 cm−1 to the bending vibration of oxygen and 

Mo. A peak at 1723 cm−1 was associated with the 

vibration mode of the O–H bond of adsorbed water 

molecules  [48-50]. 
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Figure 5. FT-IR spectra of molybdenum trioxide nanoparticles (MoO3) 

 

 

7. PXRD Analysis of Molybdenum Trioxide 

Nanoparticles (MoO3) 

 

Figure 6 represents the powder XRD pattern of MoO3. 

The wavelength used for PXRD analysis was Cu Kα-

1.540 (Å). It was found that the peaks corresponding to 

(020), (110), (040), (021), and (200) were of the 

orthorhombic crystal structure of MoO3. This was 

found to be highly crystalline in nature using the Debye 

Scherrer Equation: D=kλ/d Cos θ, where d is the full 

width at half maximum or half-width in radians, k is 

the crystallite shape factor, which usually takes a value 

of about 0.9 and λ the wavelength of the X-ray source 

used in PXRD, found to be 30-47 nm from peak 

broadening. The average crystallite size (D) of 

prepared MoO3 nanoparticles was calculated and found 

to be 35 nm. This value is consistent with the TEM 

observations [51-55]. 

 

 

 
 

Figure 6. PXRD pattern of molybdenum trioxide nanoparticles (MoO3) 
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Figure 7. TGA-DTA curves of molybdenum trioxide nanoparticles (MoO3) 

 

 

8. TGA-DTA Analysis of Molybdenum Trioxide 

Nanoparticles (MoO3) 
 

Thermogravimetric analysis (TGA) and differential 

thermal analysis (DTA) play an important role in 

understanding the thermal stability and relative weight 

loss of the material [56]. The analysis was performed 

under a nitrogen atmosphere of 20 cm3 m-1 at a 

temperature range from 40 °C to 900 °C, at 10 °C per 

min. The thermal graph is shown in the Figure 7. It is 

noted that molybdenum trioxide nanoparticles were 

stable up to 800 °C as there was negligible weight loss. 

The slight weight loss in the sample resulted mainly due 

to evaporation of water molecules from voids in the 

synthesized nanopowder. 

9. SEM and EDX of Molybdenum Trioxide 

Nanoparticles (MoO3) 

 
An SEM image of the MoO3 orthorhombic crystal 

structure is shown in Figure 8. The micrograph exhibits 

the formation of nanoparticles of MoO3. It is fairly clear 

that most of the particles are approximately spherical in 

shape and the particle size ranged from 30-47 nm. From 

the images, it can be confirmed that the particles are 

smaller in size [57]. To check the chemical composition 

of the material, an EDX spectroscopy analysis was 

performed. The EDX spectra of MoO3 nanoparticles 

showed that the surface of MoO3 comprised Mo and O 

(Figure 9). 

 

 

 
 

Figure 8. SEM image of molybdenum trioxide nanoparticles (MoO3) 
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Figure 9. EDX spectrum of molybdenum trioxide nanoparticles (MoO3) 

 

 

 

 

        Figure 10. TEM image of MoO3 nanoparticles             Figure 11. TEM CBED pattern of MoO3 nanoparticles 

 

 

10. TEM Image of Molybdenum Trioxide 

Nanoparticles (MoO3) 

 

A TEM microscopic study was done to determine the 

surface morphology of synthesized MoO3. The TEM 

microstructure in Figure 10 clearly indicates the 

formation of nanoparticles in the 35 nm size range. 

Convergent beam electron diffraction (CBED) pattern 

provided information about the crystallinity of the 

prepared sample. MoO3 was found to be perfectly 

spherical in nature (Figure 11).  

 

11. Anticancer Activity 

 

The cytotoxicity profile of MoO3 was examined against  

the bulk MoO3 human breast cancer cell line MCF7 using 

an MTT assay. In this study, two tested compounds were 

evaluated to check their cytotoxicity activity towards 

MCF-7. The concentrations of the compounds used to 

treat the cells are given in Table 1 [58-60]. 

 

The statistical data from the MTT cytotoxicity 

study suggest that bulk MoO3 and MoO3 NPs showed 

potential cytotoxic properties against MCF7 cells, with 

IC50 concentrations of 190.23 μg/mL and 78.64 μg/mL 

compared to the standard drug, Camptothecin for which 

10 μg/mL was used in this study. The results suggest that 

the MoO3 NPs may have significant anticancer potential 

against human breast cancer cells due to their low IC50 

value. 
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Table 1. Drug treatment at different concentrations  

 

Sl. No Test Compounds Cell Line Concentration  

1 Untreated MCF7 - 

2 Standard (Camptothecin) MCF7 10 μg/mL 

3 Blank - - 

4 Bulk MoO3 MCF7  12.5,25,50,100,200 μg/mL 

5 Nanoparticles of MoO3 (NPs) MCF7  12.5,25,50,100,200 μg/mL 

 

 

 

 
 

Figure 12. Cell viability of MCF7 cells treated with bulk MoO3 at different concentrations in comparison to the 

control 

 

 

 

 
 

Figure 13. The cell viability (%) of MCF7 cells treated with MoO3 NPs at different concentrations in comparison to 

the control 

 

 

 

Table 2. IC50 concentration of bulk MoO3 and MoO3 NPs against MCF7 cells 

 

Sl .No Sample Code IC50 (μg/mL) 

1 Bulk MoO3 190.23 

2 MoO3 NPs 78.64 
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12. Antibacterial Activity  

 

According to previous studies, the metal oxides 

carry  positive charges while microorganisms 

carry negative charges; this causes an 

electromagnetic attraction between the 

microorganism and the metal oxide which leads 

to oxidization, causing pits or holes in the 

bacterial cell wall. This could be associated 

with internalized particles, leading to increased 

permeability and cell death [61]. Molybdenum 

trioxide nanoparticles, due to their small size 

and high surface to volume ratio, undergo a 

higher level of interaction with the bacterial cell 

surface than  large particles, resulting in good 

antibacterial activity [62,63]. The antibacterial 

activity assay of molybdenum trioxide 

nanoparticles was carried out using the agar 

diffusion method against two Gram-positive 

bacteria i.e. S. aureus, Bacillus sp. and two 

Gram-negative bacteria,  Pseudomonas  sp. and  

E. coli , for two different concentrations as 

shown in Figure 14 for the bulk sample and 

Figure 15 for the nanoparticle sample of 

molybdenum trioxide. 50μl/mL and 100 μl/mL 

concentrations of bulk molybdenum trioxide 

were used as standards at the same 

concentration. 

 

 

Table 3. In vitro antibacterial screening of synthesized bulk molybdenum trioxide 

 

Sample Concentration in µL 
S. aureus E. coli Bacillus sp. Pseudomonas sp. 

Diameter of zone of inhibition in mm 

  bulk 
25 µg/mL ( 50 µL/mL ) 3 4 2 3 

 25 µg/mL ( 100 µL/mL ) 3 3 2 1 

 

 

 

 
 

Figure 14. Antibacterial activity of the bulk sample 

 

 

 

Table 4. In vitro antibacterial screening of synthesized molybdenum trioxide NPs 

 

 

 

Sample Concentration in µL 
S. aureus E. coli Bacillus sp. Pseudomonas sp. 

               Diameter of zone of inhibition in mm 

NPs 

25 µg/mL ( 50 µL/mL ) 0.5 0.5 0.5 0.5 

25 µg/mL ( 100 µL/mL ) 0.5 0.5 0.5 1 

25 µg/mL ( 200 µL/mL ) 3 4 3 2 

25 µg/mL ( 300 µL/mL ) 5 5 10 10 
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Figure 15. Antibacterial activity of NP sample 

 

 

13. Antifungal Activity  

 

The antifungal activity of bulk and NPs samples 

were recorded against Aspergillus  sp. and 

Trichoderma  sp. in 50 µL concentrations, which 

did not show any activity against both fungal 

cultures. In the case of  the molybdenum 

trioxide nanoparticles, 100 µL showed 3 mm and 

2 mm zones of inhibition against Aspergillus  sp. 

and Trichoderma  sp. respectively, as shown in 

Table 5. Thus the nanoparticle sample had a 

higher potential to kill fungi than the bulk 

sample. The bulk sample at 100 µL did not show 

any activity against both cultures. NPs at 

concentrations of 200 µL and 300 µL  showed 2 

mm and 5 mm zones of inhibition against 

Aspergillus sp. respectively, and 1 mm and 4 

mm against Trichoderma  sp. respectively.  This 

suggested that the bulk sample had less potential 

activity than the nanoparticles.  

 

 

Table 5. Antifungal activity of bulk and NPs molybdenum trioxide at different concentrations 

 

 

           

 

 

 

 

 

 

 

 

Sample 
Concentration in µL Aspergillus sp. Trichoderma sp. 

Diameter of Zone of inhibition in mm 

 

bulk 

25 µg/mL ( 50 µL/mL ) - - 

25 µg/mL ( 100 µL/mL ) 3 2 

NPs 

25 µg/mL ( 50 µL/mL ) - - 

25 µg/mL ( 100 µL/mL ) - - 

25 µg/mL ( 200 µL/mL ) 2 1 

25 µg/mL ( 300 µL/mL ) 5 4 
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Figure 16. Antifungal activity of bulk and NP samples 

 

 

CONCLUSION 

 

In the current study, molybdenum trioxide nanoparticles 

(MoO3) were successfully synthesized from a 

molybdenum complex of salts using N-

salicylideneaniline [Mo(C13H10NO)3] ligands. The 

ligand played a significant role in controlling particle 

size. The SEM microstructure clearly indicated the 

formation of spherical nanoparticles in the range of 30-

47 nm. TGA analysis revealed the stability of the 

synthesized compound at high temperatures. In terms of 

anticancer activity of the given test compounds, bulk 

MoO3 and MoO3 NPs showed IC50 concentrations of 

190.23 μg/mL and 78.64 μg/mL, respectively, against 

the MCF7 cells after 24 h of incubation at 37 °C. The 

observations strongly suggest that the MoO3 NPs may 

have possible therapeutic potential against human breast 

cancer cells based on the dosage of the drug after an 

incubation period of 24 h. The obtained values for the 

zone of inhibition for Gram-positive and Gram-negative 

strains suggest that the prepared MoO3 NPs showed 

excellent antibacterial activity and can be used as 

promising antibacterial agents. The effect was dose 

dependent, and more pronounced against Gram-positive 

organisms than Gram-negative ones. The results of the 

antimicrobial screening were statistically significant. 

The antifungal activity of bulk and NP samples were 

tested against Aspergillus sp. and Trichoderma sp. In 50 

µL/mL concentrations, both bulk MoO3 and MoO3 NPs 

did not show any activity against both fungal cultures. 

For the bulk sample, 100 µL/mL showed 3 mm and 2 

mm zones of inhibition against Aspergillus sp. and 

Trichoderma sp. The NP sample at 100 µL/mL showed 

no activity against both cultures. At 200 µL/mL and 300 

µL/mL it showed 2 mm and 5 mm zones of inhibition 

against Aspergillus sp. respectively, and 1 mm and 4 mm 

against Trichoderma sp. respectively. From these 

results, we are confident that our MoO3 NPs are a very 

efficient biologically-active material against cancer, 

bacteria, and fungi.  
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