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Abstract: In this study, the nano rods of molybdenum oxide were prepared by the thermo chemical method. The prepared 
molybdenum oxide nano rods were characterized by UV-Visible spectrophotometer, band gap energy, FT-IR 
spectrophotometer, XRD, SEM, and TEM techniques. The prepared molybdenum oxide nano rods were used for anti bacterial 
activity. The XRD analysis showed the formation of crystalline nano rods. The FT-IR and UV-Vis analysis give the peak at 
1120 cm-1 and 246 nm which confirm the formation of nano rods. The SEM and TEM analysis also confirmed the formation of 
nano rods. The band gap energy of MoO3 nano rods were observed 3.67, 3.54, 3.45 and 3.36 eV at 400, 500, 600 and 700°C 
temperatures. The MoO3 nano rods gave the positive antibacterial activity against S. Aureus pathogens. 
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1. Introduction 

Molybdenum (VI) oxide (MoO3) is a wide band gap 
semiconductor. It is n-type semiconductor which have 
distinctive electrochromic, thermochromic, and 
photochromic properties. It has been widely investigated as 
smart materials for catalysis [1-2], sensors lubricants, lithium 
battery, organic solar cells and display materials [3-4]. It is 
actually realized that purity of phase MoO3 depended on the 
manufactured technique and experimental conditions [5-6]. 
Impressive advances have been accomplished recently for the 
size and phase controlled synthesis of MoO3 with enhanced 
catalyst properties [7-9]. 

In spite of the fact that exploration on molybdenum oxide 
(MoOx) nano rods began moderately late, MoOx nano rods 
are currently indicating the potential for both major research 
and applications in industry [10-11]. MoOx nano rods speak 
to the appealing building block for dynamic nano devices, by 
controlling the development and association. They can be 
utilized to deliver various novel, profoundly effective, strong, 
incorporated nanoscale devices, including field emission 
devices (FED) and photo detector [12-13]. The nano rods of 

MoO3 are typically cylindrical, hexagonal, square, or 
triangular in cross-section [14]. 

The utilization of molybdenum-based catalysts is in the 
hydride sulfurization (HDS) of petroleum oil, petrochemicals 
and coal-derived liquids [15-16]. The catalyst MoS2 
supported on alumina and advanced by cobalt or nickel and is 
prepared by sullfiding cobalt and molybdenum oxides on 
alumina [17]. As the world supply of unrefined petroleum is 
additionally expanded and low-sulfur crudes become less 
accessible, molybdenum-based catalyst will increase in use 
[18]. Molybdenum is not only allowed for economical and 
practical fuel refining as well as contributes to a more secure 
environment through lower sulfur emission [19]. 
Molybdenum Catalysts are resistant to poisoning by sulfur 
and, for instance, catalyze transformation of hydrogen and 
carbon monoxide from the pyrolysis of waste materials to 
alcohols in the presence of sulfur, under conditions that 
would harm valuable metal catalysts. Also, Mo-based 
catalysts have been used in the conversion of coal to 
hydrocarbon liquids [20-22]. 
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2. Methods and Materials 

2.1. Synthesis of MoO3 

MoO3 was synthesized by thermal method. In this method, 
10 mL 0.2 M of ammonium heptamolybdate tetrahydrate was 
take in the beaker and stirred for 10 min to obtain a clear 
solution. Then 5 mL of concentrated HNO3 was added drop-
wise to the above solution and stirred for 10 min. The mixture 
was heated to 100°C for 2 h. After 2 h of heating, the mixture 
was allowed to cool down to room temperature. The product 
was dried at 70°C in the oven for 12 h. This product was 
calcined at different temperature such as 400°C, 500°C, 600°C 
and 700°C for 4 h, in muffle furnace. After calcinations the 
product can be used for further study [23-24]. 

The prepared molybdenum oxide nano rods were 
characterized by UV-Visible spectrophotometer, FT-IR, UV-
Visible spectrophotometer, XRD, SEM, EDS, and TEM 
techniques. 

3. Results and Discussion 

3.1. X-Ray Diffraction Analysis 

The prepared molybdenum oxide nano rods were analyzed 
by XRD for the determination of phase and symmetry. Figure 
1 shows XRD pattern for molybdenum oxide nanoparticles in 
which number of peaks are observed at 30O angle which is 
due to the formation of high crystalline molybdenum oxide 
nano rods. The peaks were observed at 2θ 27.3, 58.5, 64.7 
and 72.8. Sharp peaks were obtained corresponding to the 
planes(111), (201), (211) and (312) indicating the MoO3 nano 
rods and which was found to be highly crystalline in nature 
[25-26]. 

 
Figure 1. XRD spectra of MoO3 nanomaterials at different temperature. 

The planes (111), (201), (211) and (312) correspond to the 
mixed phase that contains molybdenum oxide nanoparticles 
and molybdenum oxide nanorods in the prepared samples of 
Molybdenum oxide. The effect of temperature was found on 
the synthesis of Molybdenum oxide nanorods, peak intensity 
increased with increasing of temperature, this is because that 
the crystalline nature of molybdenum oxide increase with 
increasing temperature of reaction. [27-28]. 

3.2. FTIR Spectra 

The IR spectra shows distinct bands at 1120 cm-1, 1622 
cm-1and 3453 cm-1, which are due to the formation of MoO3, 
presence of carbonyl impurity in the sample (Figure 2). The 
band observed at 3452 is due to the moisture absorbed from 
the atmospheric air during the storage. The spectrum also 
contains distinct peaks at 476 cm-1 and 804 cm-1 which  

 
Figure 2. FTIR spectra of Molybdenum oxide at different temperature. 

3.3. UV-Visible Spectra 

The dependence of the UV-Visible absorption spectra of 
the molybdenum oxide nano rods are shown in Figure 3. The 
absorbance was seen across the visible range from 600 to 
700nm. The Figure 3 shows the absorption band at 240 nm 
which confirms the formation of MoO3 nanoparticles. The 
peak is observed at 240 nm, due to the d-d transition in the 
molybdenum oxide [29]. The wavelength increase with 
increasing the temperature of reaction, this is due to the 
transition shifted into red shift or higher wavelength. It 
means that the transition at high temperature occur at lower 
energy. The crystallinity is increase with increasing the 
wavelength of prepared samples of MoO3 [30]. 

 
Figure 3. UV Visible spectra of Molybdenum oxide at different temperature. 



 American Journal of Nanosciences 2017; 3(4): 81-85 83 
 

3.4. Determination of Optical Band Gap of Nanocomposites 

The band gap of Molybdenum oxide was determined from 
absorption spectra and Tauc relation (Eq. 2) 

αhv=B(hv−Egap)m                                 (2) 

where α is the absorption coefficient, hν is the photon energy, 
and m = 1/2 for direct band gap material shown in Figure4. 
To described a direct method for fitting and determination of 

band gap using Tauc relation [31-32]. Figure 4 yields an Eg 
value of MoO3 nano rods at various temperatures. The band 
gap energy of MoO3 is 3.67, 3.54, 3.45 and 3.36 eV at 400, 
500, 600 and 700°C temperatures respectively. The band gap 
energy of MoO3 nano rods are decrease with increase of 
temperature from 400°C to 700°C. The decrease in band gap 
energy is due to the formation of perfect crystal structure and 
increase the size of nano rods [33]. 

 
Figure 4. Band gap energy of Molybdenum oxide at different temperature. 

3.5. Scanning Electron Microscopy (SEM) 

SEM microstructure of the electrochemical reduction 
derived molybdenum oxide nano rod reveals the presence of 
dense agglomerations Figure 5 shows these nano rods having 
regular shape and their distribution is not uniform. This is 

probably due to the partial solubility of the surfactant in the 
solvent under the given experimental conditions. Figure 5 
shows the presence of crystalline nano rods that are arranged 
irregularly [34]. 

 
Figure 5. SEM image of Molybdenum oxide at (a) 400°C and (b) 700°C. 

3.6. Transmission Electron Microscopy (TEM) 

TEM microscopic study has been done for the 
determination of surface morphology of prepared 
molybdenum oxide nano rods as shown in Figure 6. TEM 
microstructure clearly indicated the formation of nano rods, 
which are micrometer range. The rods like structures are 
observed in the prepared sample of Molybdenum oxide 

which having the average particle size 0.5 to 1 µm range 
[35]. The effect of temperature was observed. The 
temperature of reaction was increased, the crystallinity of 
prepared samples of Molybdenum oxide nanorods increase. It 
is shown in Figure 6. The symmetry of a crystal can be 
directly observed through the strong dynamical diffraction 
effects using CBED [36]. Thus the CBED technique is a 
powerful tool to determine the space group of an unknown 
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phase. The CBED pattern is showing in Figure 7. The CBED 
pattern gives the information about the crystallinity of 
prepared sample. The MoO3 was found in the perfectly 
crystalline in nature and in nanometric range. The Figure 7 

showed the effect of temperature on the CBED pattern. The 
crystallinity of molybdenum oxide sample is increase with 
increase in the temperature of reaction (Figure 7a and 7b). 

 
Figure 6. TEM image of Molybdenum oxide at at (a) 400°C and (b) 700°C. 

 

Figure 7. TEM CBED pattern of Molybdenum oxide at at (a) 400°C and (b) 700°C. 

3.7. Antibacterial Activity 

Analysis of Antibacterial activity of MoO3 700(7), MoO3 
600(8) and MoO3 500(9) samples which were in powder 
form. The solutions of these samples were prepared of 30 
mg/ml concentration. With the help of Antibiotic Sensitivity 
Test or Agar Well Diffusion method, we were analyzed the 
Antibacterial activity of the samples. These were the E. coli 
MTCC 1687, P. Aeuginosa MTCC 741 and S. Aureus MTCC 
902 pathogens using against antibacterial activity (Table 1). 
Only sample MoO3 700(7), MoO3 600(8) gave the result 
against S. Aureus pathogens and rest of samples does not 
give any result against all these three pathogens (shown in 
Table 1 and Figure 8). The prepared nano rods at different 
temperature are not capable to give antibacterial activity. The 
nano rods prepared at 600 and 700°C are showing the 
antibacterial activity. This is because that at higher 
temperature the perfectly crystalline nano rods were prepared 
and which is highly active against antibacterial activity [37-
40]. 

Table 1. Analysis of Antibacterial activity of MoO3 700(7), MoO3 600(8) and 

MoO3 500(9). 

S.No. Pathogen 
Zone Of Inhibition (mm) 

7 8 9 

1. E. coli - - - 
2. P.aeruginosa - - - 
3. S. aureus 15.0 17.5 - 

 

Figure 8. Above figure represent the result of Analysis of Antibacterial 

activity of MoO3 700(7), MoO3 600(8) and MoO3 500(9) against different 

pathogens (right to left; P. aeruginosa, S. aureus) in which clear zone of 

hydrolysis shown that marked in a circle. 

4. Conclusion 

The nano rods of molybdenum oxide were prepared by the 
thermo chemical method. The XRD analysis showed the 
formation of crystalline nano rods. The FT-IR and UV-Vis 
analysis give the peak at 1120 cm-1 and 246 nm which 
confirm the formation of nano rods. The SEM and TEM 
analysis also confirmed the formation of nano rods which is 
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in 0.5-1 µm. The band gap energy of MoO3 nano rods were 
observed 3.67, 3.54, 3.45 and 3.36 eV at 400, 500, 600 and 
700°C temperatures. The effect of temperature on band gap 
energy was observed. It was found that with increases in the 
temperature, the band gap energy decreased. The MoO3 nano 
rods gave the positive antibacterial activity against S. Aureus 

pathogens. 
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