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Abstract: Nanoparticles are of great scientific interest as they bridge the gap between bulk materials and atomic or molecular 

structures. The application of nanoscale materials and structures is an emerging area of nanoscience and nanotechnology. It has its 

huge crash in recent period. Instead of chemical method biological methods are safe. The present work reports an easy, cost effective 

and eco- friendly way for synthesis of vanadium nanoparticles using Azotobacter. Synthesized nanoparticles were characterized by 

various methods such as UV-Vis spectroscopy, FTIR and its antifungal activity was also studied. 
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1.Introduction 

Nanoscience and technology are not exactly new, but nevertheless rapidly expanding fields that are providing solutions to cure 

various diseases on large scale. Biological activity of vanadium pentoxide nanomaterial depends on factors such as the type of the 

derivative, manner of its administration, dose, length of treatment and also individual- and species specific sensitivity to the 

administered compound (Gill et al.,2010).The bio-based protocols for synthesis of nano-metals  environmentally and economically 

effective, because they are simple, relatively inexpensive and easily scaled up for larger scale production (Mohanpuria et al., 

2008;Iravani, 2011; Prabhu and Poulose, 2012). 

 

The biosynthesis of inorganic nanomaterials using eukaryotic organisms such as fungi may be used to grow nanoparticles of silver 

(Mukherjee et al., 2001).Titanium nanoparticles are biosynthesized using bacteria such as Lactobacillus crispatus (Ibrahem et 

al.,2014) and Bacillus subtilis (Kirthi et al., 2011) from the leave extracts of Nyctanthes arbortristis and Psidium 

guajava(Santhoshkumar et  al., 2014).  

2. MATERIALS AND METHODS 

2.1. Materials: Vanadiumpentoxide(V2O5), Soil, Nutrient agar and Nutrient broth, Azotobacter culture(48 hours), Sterile nutrient 

broth, distilled water, 1mM concentration of vanadium pentoxide. 
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2.2. Production of biomass: The bacterial strain (Azotobacter) was inoculated into sterile Ashby’s broth for producing biomass. The 

culture was centrifuged at 5000rpm for 15 minutes and the supernatant was used for the synthesis of vanadium nanoparticles. 

2.3. Synthesis of vanadium nanoparticles 

The supernatant sample was added separately to the reaction flask containing vanadium pentoxide(V2O5) at 1Mm concentration . 

Then this flask was incubated in magnetic stirrer for 6 hours. After 24 hours the colour change was observed as   milk white and 

further changes into blue color. 

2.4. Biochemical tests for identification of Azotobacter. 

Gram staining method, Catalase test, Oxidase test, Citrate utilization test, Methyl red test, Voges proskaur test and Triple sugar 

iron test. 

3. CHARACTERIZATIONS 

3.1.Visual inspection 

The preliminary detection of synthesized vanadium nanoparticles was observed by visual inspection by color change of the 

culture. After 24 hours the colour was changed from milk white to  blue color .It  indicates the formation of vanadium nanoparticles in  

the culture filtrate. 

3.2. UV-Vis spectrophotometer 

The resultant sample is further subjected to optical measurement, which was carried out by UV – Vis spectroscopy of the solution 

according to the method of Mie(1908). UV-Vis spectroscopy measurement of vanadium nanoparticles were recorded on Shimadzu 

dual-beam spectrophotometer (model UV-1650 PC) operated at a resolution of 1nm. 

3.3. Fourier transform infra red (FTIR)Spectroscopy 

The FTIR spectrum of the dried sample was recorded on Perklin Elmer instrument in the range of 550 to 5000cm-1 at a resolution of 

5cm-1. 

4. Antifungal activity of vanadium nanopartices 

Authentic pure cultures of fungus namely Odium caricae and Aspergillus niger were obtained from Venture institute of biotechnology 

and bioinformatics research, Madurai, Tamilnadu, India. Matured cultures of the above mentioned strains were used for this study. 

Anti fungal activity was determined using well diffusion method. It was performed by sterilizing Sabouraud Dextrose Agar media 

(Hi-media). The plates were incubated at 37°C for 24 hours.  

 

5. RESULTS AND DISCUSSION 

5.1. Bio chemical test for identification of Azotobacter 

5.2. Gram staining Technique: The bacteria was identified Gram- negative as it retains the pink colour. 

5.3. Catalase Test: The appearance of effervescence pebbles indicated the presence of catalase  in the test organisms. 

5.4. Oxidase Test: Development of a deep colour at inoculation site signified the presence of Cytochrome oxidase in the test 

organisms. 

5.5. Cirtate Utilization Test: The  development of the deep blue color indicated the citrate in the medium.  

5.6. Methyl Red Test: The development of pink colour indicated the utilization of   gulcose  which  leads to the production of mixed 

acids in the medium. 

5.7. Voges Proskauer Test: Formation of red colour indicated the positive result as   acetoin was formed in the medium which is the 

product of glucose fermentation. 

5.8. Triple Sugar Iron Agar Test: Development of black colour indicated the ability of the test organism to produce hydrogen 

sulphide using the specific substrate. 
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                    Fig(a) Gram staining  Fig(b) Catalase test   Fig (c)  Methyl red test   Fig(d)Voges proskauer test 

 

 

                  

                                Fig(e)Oxidase test        Fig(f)Citrate utilization test    Fig(g) Triple sugar iron agar test 

 

6. CHARACTERIZATION OF NANOPARTICLES 

6.1. Visual inspection  

Vanadium nanoparticles were synthesized biologically by using Azotobacter. Color change from milk white to blue color was noticed 

after 24 hours incubation.  It indicates that formation of vanadium nanoparticles in the culture filtrate. There was no color change   

Observed in control flask (Fig.1).  

 

6.2. UV-Vis spectroscopy 

The  formation and stability of the reduced vanadium nanoparticles  analysed by UV-Vis spectrum. In biological method the UV-Vis 

spectrum of the vanadium  nanoparticles showed peak at555nm (Fig.2) which indicates the formation of vanadium nanoparticles. 

6.3. Fourier transform infrared spectroscopy (FTIR) 

The FTIR spectrum of vanadium nanoparticles exhibits the N-H vibration of NH+3 at 3852.82cm-1 and 3220.85cm-1. The peak 

appeared at 1036.79 cm-1 was assigned to vanadyl stretching modes (δ V-O). The prominent peak observed at 2925 cm−1is due to CH2 

asymmetric stretching, asymmetric stretching. The overall FTIR pattern confirms the presence of proteins in synthesized vanadium 

nanoparticles. The free amine and carbonyl groups present in the bacterial protein could possibly perform the function for the 

formation and stabilization of vanadium  nanoparticles.(fig j) 

                 

Fig(h)Vanadium nanoparticle                    Fig(i)Visual Inspection 
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                                   Fig(j) Fourier Transform Infrared  Spectroscopy(FTIR) of vanadium nanoparticles 

 

Fungus 

ZONE OF INHIBITION IN DIAMETER 

(IN mm) 

Control Standard Sample 

Odium caricae   NZ 19 10 

Aspergillus niger NZ 13 11 

(NZ: No Zone; Standard: Clotrimazole) 

Table 1.Antifungal Activity of the Sample against the Fungal Pathogens - Odium caricae and Aspergillus  niger 

Both the fungal strains showed no zone of inhibition against the control but the standard drug clotrimazole shows zone of inhibition 

(19mm) against Odium caricae wheras Aspergillus niger has shown (13mm) in the same standard drug. Both the fungal strains 

exhibited nearly more or less same zone of inhibition against the experimental sample i.e 10 mm and 11mm (Refer table 1). 

       

                                                                   Plate.1                        Plate.2 

Plate.1. Antifungal activity of vanadium nanoparticles against Aspergillus nigers 

Plate.1. Antifungal activity of vanadium nanoparticles against Odium caricae 

7. DISCUSSION 

Azotobacter can fix at least 10 μg of nitrogen per gram of glucose consumed. Nitrogen fixation requires molybdenum ions, but they 

can be partially or completely replaced by vanadium ions. If atmospheric nitrogen is not fixed, the source of nitrogen can alternatively 

be nitrates, ammonium ions, or amino acids. The optimal pH for the growth and nitrogen fixation is 7.0–7.5, but growth is sustained 

in the pH range from 4.8 to 8.5.(George et al.,2016).Azotobacter can also grow mixotrophically, in a molecular nitrogen-free medium 
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containing mannose; this growth mode is hydrogen-dependent. Hydrogen is available in the soil, thus this growth mode may occur in 

nature.( Wong et al.,1985). 

 

While growing, Azotobacter produces flat, slimy, paste-like colonies with a diameter of 5–10 mm, which may form films in liquid 

nutrient media. The colonies can be dark-brown, green, or other colors, or may be colorless, depending on the species. The growth is 

favored at a temperature of 20–30°C(Tepper et al.,1977). This is proved in our present work by observing milky white colonies of 

azotobacter sp. 

 

Formation and stability of vanadium nanoparicles is confirmed using UV-Vis spectrophotometer in a range of wavelength from 555 

nm. UV-Vis spectra were recorded as function of reaction time. The colour was change observed from milky white to blue. The color 

change is due to the Surface Plasmon Resonance phenomenon(Tamasa et al.,2013).The large band at3852.82cm-1 and 3220.85cm-1 

exhibits the N-H vibration of NH+3 groups. The bands are seen at 2922.16cm-1 are assigned to the stretching vibrations of secondary 

amines. The peak appeared at 1036.79 cm-1 was assigned to vanadyl stretching modes (δ V-O). The free amine and carbonyl groups 

present in the bacterial protein could possibly perform the function for the formation and stabilization of vanadium nanoparticles 
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