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Studies on the comparison of antibacterial and catalytic activity of 
molybdenum Nanoparticle synthesized by chemical and biological 
method

Nanobiotechnology holds a great potential in various fields of 
life sciences. Nanotechnology involves the use of materials 
with components that have dimensions less than 100nm. The 
demand for biosynthesized nanoparticles increased day by 
day due to  its ecofriendly and compatibility when compare 
to chemical method of synthesis. Application of nano-sized 
materials is an emerging area of nanotechnology. Molybdenum 
(Mo) nanoparticle was synthesized using fast, convenient, eco-
friendly biological method from the aqueous extract of plumbago 
zeylanica. The same was synthesized using sol-gel method 
also. The nanoparticles synthesized by both the methods were 
characterized by Fourier transform infrared spectroscopy (FTIR), 
ultra violet spectroscopy (UV), scanning electron microscopy 
(SEM) and x-ray dif fraction spectroscopy (XRD) studies. 
Molybdenum nanoparticles were found to be inhibiting the 
growth of bacteria and also act as effective catalyst.
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INTRODUCTION  

Nanotechnology plays a very important role in 

modern research [1,2]. Research in 

nanomaterials has achieved considerable 

attention because of their unique properties and 

numerous applications in different areas [3, 4] 

.Different biological and chemical processes are 

widely used to synthesize metal nanoparticles 

[5]. In recent years, much effort has been 

devoted to study the molybdenum nanoparticle 

and related materials. Molybdenum 

nanoparticles possess unique catalytic and 

electronic properties and have potential 

applications in chemical synthesis, petroleum 

refining, recording media and sensors [6-9]. 

Plant extracts act both as reducing and 

stabilizing agents in the synthesis of 

nanoparticle [10]. The source of the plant extract 

is known to influence the characteristics of the 

nanoparticles [11]. Plumbago zeylanica is a 

multipurpose medicinal herb of the family 

Plumbaginaceae. Traditionally P.zeylanica is 

used as a stimulant digestant, expectorant, 

laxative and in the treatment of muscular pain 

and rheumatic diseases. Some parts of P. 

zeylanica are used in various pharmacological 

activities. The different parts of P. zeylanica are 

used for various ethanomedicinal purposes. 

Researches have been carried out on different 

chemical compounds such as plumbagin and 

other compounds of this plant [12]. In this study 

we used green synthesis and sol-gel method for 

synthesis of molybdenum nanoparticles. The 

synthesis of metal nanoparticles is a growing 

area for research due to its potentiality in the 

application and the development of advanced 

technologies. UV-Visible spectroscopy was 

employed to estimate the band gap energy of Mo 

nanoparticles. FTIR was performed to find of the 

possible functional biomolecules capped on 

surface of the molybdenum nanoparticles during 

interaction. XRD revealed the crystallographic 

structure and SEM analysis finds the shape and 

size of the synthesized molybdenum 

nanoparticles. The antibacterial activities of 

molybdenum nanoparticles were studied with 

Escherichia coli and Staphylococcus aureus. 

Smallar particles exhibited higher antimicrobial 

activity than larger particles. This is to high 

particle penetration when these particles are 

small in size. The antibacterial properties are 

related to the total surface area of the 

nanoparticles. Smaller particles with larger 

surface to volume ratios have greater 

antibacterial activity [13-15].Similarly , this novel 

nanostructure can be used as heterogeneous 

catalysts in the selective oxidation of aldehydes 

and alcohols with high catalytic efficiency. 

Although some other proposed metallic 

nanocatalysts have been developed for the 

selective oxidation[16-19], most of them failed to 

meet the green requirements (one of them is that 

catalysts must be able to be separated from 

target materials easily).Catalytic activity of 

molybdenum nanoparticles obtained by green 

route was compared with nanoparticles obtained 

by chemical method. Green chemistry method 

exhibited good reusability, which results in 

greater yield and better purity of products. 

Molybdenum nanoparticles show the low toxicity 

with high activity. It has become a hot topic for 

green chemistry all over the world in recent 

years [20-21]. Meanwhile, one-dimensional (1D) 

nanostructures, which have a large surface area 

resulting in extremely higher catalytic activity 

than common nanocrystals catalysts in organic 

synthesis, have sparked an explosive interest 

among various promising nanomaterials 

investigated so far[22-23]. 

EXPERIMENTAL SECTION  

Materials 

The chemicals and materials used in this work 

indicates, Ammonium molybdate (99%), citric 

acid and ammonia were purchased from Merck. 

Plumbago  Zeylanica leaves(collected from 

sitheri hill, Dharmapuri (dt) Tamil nadu) and 

deionised  water  was used for all experiments. 

Methods  

Preparation plant extract 

Plumbago  Zeylanica (fig -1)leaves were washed 

with distilled water, dried and grained . Then  5 
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gm of  the powder sample was  heated for 30 

min with 100ml of distilled water at 50oc .Then 

the extract was filtered with whatman filter paper 

and the final filtrate was stored in cool dry place 

for further use. 

 Synthesis of Molybdenum nanoparticles 

Green method: The plant extract was used to 

reduce the metal ion to metallic oxide 

nanoparticles. 1.960g of Ammonium Molybdate 

hexahydrate was dissolved in 100ml distilled 

water by vigorously stirring for 30 min. To that 

50ml of plant extract was added followed by the 

dropwise addition of ammonia solution to raise 

the pH up to 12. The resultant dirty yellow color 

gel obtained after 2 hrs was calcined at 300oC 

in muffle furnace for 60 min. Finally, the pale 

yellow powder of nano-structured Molybdenum 

nanoparticles was collected and stored [24]. 

Chemical method : 1.960g of Ammonium 

Molybdate was dissolved in 100 ml distilled 

water and stirred using magnetic stirrer for 10 

min. 50 ml (2.1013g) of  Citric acid was  added 

to the above solution followed by addition of 

ammonia drop wise to reach the pH-9 and 

continuously stirred for 3 hrs at 50oc. Finally, the 

colorless gel obtained is dried and calcined at 

300oc for 1 hour. Then the pale yellow powder 

formed [25] was used for further analysis. 

Antibacteral activity 

Using the well diffusion method, the antibacterial 

activity of synthesized molybdenum NPs was 

tested against Gram positive (S.aureus) and 

Gram negative bacteria (E. coli) to find their 

ability to prevent the bacterial growth. The 

nutrient agar was poured into the sterilized petri 

plates and allowed to solidify. After solidification, 

fresh bacterial culture was spread over the 

plates by spread plate method. Six wells were 

made in the agar medium using sterile cork 

borer; diameter of each well is 5 mm and the well 

is loaded with different concentrations such as 

nano molybdenum solutions 30, 40, 50 and 

60μL. For the control and standard antimicrobial 

agent, concentration of molybdenum 

nanoparticles and the loaded plates were 

incubated for 24 h at 36 °C. After the incubation, 

the formation of zone of inhibition around the 

well was observed and scaled in mm; the zone 

of inhibition indicates the antibacterial activity of 

molybdenum NPs [26].   

Characterization of  molybdenum nanoparticles 

Uv-visible spectroscopy 

UV- Visible spectrophotometer was empolyed 

for the spectrometric analysis of chemical and 

biosynthesised molybdenum nanoparticles. The 

reduction of molybdenum to molybdenum 

nanoparticles was measured periodically at 200-

400nm. A spectrum to fix the absorbance 

maximum was plotted with wavelength on x-axis 

and absorbance on y-axis. 

FT-IR  spectroscopy 

FTIR analysis was carried out to analyse the 

group which is responcible for the reduction of 

molybdenum to Mo nanoparticles with the 

spectral range 400-4000cm-1. 

Scannig electron microscopy 

The particle size and morphology of nanoparticle 

can be analysed by using different image 

magnification software well-matched with SEM. 

X-RAY diffraction  

Phase identification and crystalline size 

determination were carried out using X-ray 

diffractometer. The particle size was calculated 

by using Debye Scherrer equation: Dp=0.9λ/β 

cosθ,  Where Dp corresponds to the particle 

width in A°, λ is the X ray wavelength, θ is the 

Bragg angle, and β corresponds to the full width 

at half maximum (FWHM, in radians) of the peak 

under consideration. The structural and 

morphological properties were studied by X-ray 

diffraction spectroscopy. 

Antibacterial activity 

The antibacterial activity of the samples were 

determined by disc diffusion method and the 

antibacterial activity`was evaluated by 

measuring the greater zone of incubation. 

Catalytic activity 
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The catalytic activity of  Mo nanoparticles was 

investicated through  the oxidation of aldehyde  

to acid in alcohol medium. 

RESULT AND DISCUSSION 

UV –DRS Spectroscopy  

UV-Vis spectroscopy is a valuable technique to 

establish the formation and stability of metal 

nanoparticles. It is well documented that the 

optical absorption spectra of metal nanoparticles 

are dominated by SPR that shift to longer 

wavelengths with increasing particle 

size[27].UV-vis Spectrum is an effective method 

to prove the reduction of metal to nano size [28-

29]. UV –Spectrum (Fig –2) confirms the 

formation of the green synthesized Mo 

nanoparticles the maximum absorption band at 

238 nm and (Fig-3) chemical synthesized Mo 

nanoparticles absorption range at 237 nm. 

                             

 

                                                   Fig-1 Plumbago zeylanica 
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                       Fig-2 UV spectrum of green synthesis of molybdenum nanoparticles  
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                        Fig-3 spectrum of chemical synthesis of molybdenum nanoparticles    



T. MAHESWARI al., IJNR, 2020; 3:12 

IJNR: https://escipub.com/international-journal-of-nanoparticle-research/     5 

              
 

                       Fig – 4 FTIR   spectrum for Plumbago Zeylanica  plant extract 

 

 

              
 

                    Fig –5 FTIR spectrum for green synthesis of molybdenum nanoparticles 

 

 

                          
      

                       Fig- 6 FTIR spectrum for chemical synthesis of molybdenum nanoparticles 
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        Fig-7 SEM analysis of biosynthesized molybdenum nanoparticles  

 

   

 
Fig-8 SEM analysis of chemically synthesized molybdenum nanoparticles 
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  Fig-9 X-RAY diffraction pattern of Mo nanoparticles synthesized by green method 
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Fig-10 X-RAY diffraction pattern of Mo nanoparticles synthesized by chemical method 

 

       
Fig-11 antibacterial activity of molybdenum nanoparticles tested against to E.coli 

 

Table -1 Antibacterial activity of molybdenum nanoparticles tested against to E.coli 

 

 Organism  Control    30     40                                   50    60 

 
Green MO (E.Coli) 

 
     22 

 
   13 

 
   15 

 
    18 

 
   20 

 
Chemical  (E.Coli) 
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   9 

 
   11 

 
  12 

  

 

           
Fig-12 antibacterial activity of molybdenum nanoparticles tested against to S.aureus  
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 Table -2 Antibacterial activities of molybdenum nanoparticles tested against to S.aureus  

   Organism Control 30 40 50 60 

Green MO (S.aureus) 15 9 12 14 15 

Chemical MO (S.aureus) 16 0 8 10 12 

    

Table -3 IR region of catalytic activity of molybdenum nanoparticles 

        S.NO    IR  Region (cm-1 )          Functional groups  

 

       1. 

 

    1604.9 cm-1 

 

        Nitrates (-O-N=0-)  

 

       2. 

 

    1544 cm-1 

 

       C=C stretching (aromatic) 

 

       3. 

 

    1406.0 cm-1 

 

       C-O str , 0-H str (tertiary alcohols) 

 

       4. 

 

    3170 cm-1 

 

      Aldehyde converts to acid (O-H) 

            

        

 

 
 Fig-13 IR spectrum of green synthesized  Mo nanoparticles using catalytic reaction 

 

 
Fig- 14 IR spectrum of chemical synthesized Mo nanoparticles using catalytic reaction 
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Table- 4 study of catalytic activity of molybdenum nanoparticles 

        

Table- 4 study of catalytic activity of molybdenum nanoparticles  

 

FT-IR Spectroscopy 

Fourier transform infrared (FTIR) measurements 

were carried out to identify the possible 

biomolecules responsible for reduction, capping 

and efficient stabilization of  molybdenum NPs 

and the local molecular Environment of the 

capping agents on the nanoparticles [30].FT-IR 

spectrum of the Plant extract is represented in 

figure-4 shows the absorption band at the range 

of primary alcohols show a strong band near 

1018.9cm-1 ,1617cm -1  C=C stretching bands  

and the absorption bands are near 1375cm -1  

show the presence tertiary butyl group is  the IR 

of plant sample is reduced to one sharp and 

intense peak at the range of 1389cm -1 in the IR 

spectrum of Mo nanoparticles synthesized by 

green method figure-5.This is evident for the 

conversion of molybdenum to Nano sized  

molybdenum. The IR spectrum chemically 

synthesized nanoparticles represented as 

figure-6. The band at 3017.8cm-1 corresponds 

to the C-H stretching of alkenes, the N-H 

deformation vibration for amino salts appear as 

strong band at 1540.5cm-1, an absorption of 

range 1396.5cm-1  is due to the gem – dimethyl 

and mono substituted benzene shows band at 

742.0 cm-1. 

Scanning Electron Microscopy 

SEM analysis is employed to visualize the size 

and morphology of the calcinated green and 

chemically synthesized Molybdenum 

nanoparticles. SEM micrographs of calcinated 

green and chemically synthesized Molybdenum 

nanoparticles under different magnifications are 

displayed in (Fig-7, 8). It is observed that most 

of the particles are spherical in shape with 

smooth and fused surface. The particles are 

homogeneously distributed without much of 

agglomeration and ensured the average size of 

about 50 nm. The boundary of the single 

particles can be well observed by intense 

observation of the SEM images though it has 

agglomerates. The reason for the unchanging 

size distribution of the particles may be 

recognized to the calcination process that allows 

growth by aggregation of particles through their 

 

     Entry 

 

 

Catalyst 

 

Reaction 

Conditions 

 

  Time(min) 

 

 Yield(%) 

         1. 

 

CuO 15 mol, reflux 

1200C 

 2 hrs            

 88 

          2. 

 

ZnO 15mol,reflux , 

1000C 

 2 hrs       

 92 

          3. 

 

Au /C[36] 3 bar , 1000C  6 hrs  

 64 

          4. 

 

Au /Mg[37] 3 bar, 1000C  24 hrs       

 57 

          5.  

 

Ceric ammonia 

nitrate[38] 

5 mol, reflux  4 hrs  

 98 

          6. 

 

Mo 

nanoparticles 

(i) Chemical      

    method 

(ii)Green  

method 

 

1 mol, reflux , 

1000C 

     

 1 hr 

 (i)  63 

 

 (ii)  78 
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grain boundaries. Moreover the organic matters 

of P.Zeylanica material such as proteins, 

polysaccharides and phenolic compounds at 

midst the particles and on the surface of the as-

prepared molybdenum control the aggregation 

of particles to some extent of calcination process 

by covering a layer there by hinders the longer 

growth of nanoparticles. 

X-RAY diffraction method 

Figures-9, 10 show the XRD patterns for 

molybdenum nanoparticles synthesized using 

green and chemical methods. The XRD pattern 

of molybdenum nanoparticles synthesized 

through green method shows characteristic 

peak occur at 2θ values of  13.6o,14.1oand 

25.9o  corresponding to the planes of  

(866),(832)and (1012)  respectively. The 

molybdenum nanoparticles synthesized through 

chemical method peaks were observed at 10.3o, 

15.3o and 26.3o corresponds to planes 

(1432),(950) and (892) respectively. The 

average size nanoparticles synthesized through 

both the methods are found to be approximately 

10 nm in size. The diffraction peaks thus 

obtained from X-ray diffraction data are in good 

agreement with the standard pattern of 

molybdenum nanoparticles. 

Antibacterial activity 

Anti-bacterial effects of molybdenum 

nanoparticles synthesized from green and 

chemical routes were studied. Molybdenum 

nanoparticles exert their bacterial property on 

E.Coli and S.aureus. It was detected that the 

antibacterial activity of nanoparticles 

synthesized by green method shows better 

activity than that of chemical method. Results 

from antibacterial assay support that E.Coli was 

more susceptible to molybdenum nanoparticles 

than S.aureus. It was evident that standard gram 

positive bacterial strains were more susceptible 

to Plumbago Zeylanica extract than gram 

negative strains. Nanoparticles synthesized by 

green route showed better result on both gram 

positive and gram negative strains. 

Catalytic activity 

Aldehydes are generally reactive towards 

oxidation at milder conditions and need shorter 

reaction time when compared to alcohols. Metal 

oxides were specifically used as they have high 

stability and the high activities in oxidation 

reactions [31].Using different catalysts and 

reaction conditions, benzaldehyde [32], benzoic 

acid [33], as well as benzyl benzoate [34] were 

reported as main products. Our aim was to 

clarify the effect of different reaction conditions 

on the oxidation and gain control on the 

selectivity of the catalyst. Benzaldehyde 

undergoes oxidation in the presence of Mo 

nanoparticles during heating followed by 

refluxing for 1 hour gives benzoic acid. 

Green and chemical synthesized molybdenum 

nanoparticles conformed the catalytic reaction 

using IR Spectrum the presents of nitrates (-O-

N=O-) can be readily recognized from the strong 

bands in the region 1604.3cm-1 . Tertiary 

alcohols can be notable due to the appearance 

of strong band at 1406.0cm-1 and 1400.4cm-1  ( 

due to C-Ostr and O-Hstr coupling). For aromatic 

compound, the most characteristic C=C 

stretching bands are at 1544.cm-1 and 

1594.4cm-1 . The absorption of O-Hstr appears 

as a broad band at 3170.3cm-1.An acid is 

formed from aldehyde (-CHO) by replacing a 

hydrogen atom by an OH group. Due to the –I 

effect of OH group, vc=o absorption for acid 

should occur at higher wave number as 

compared to aldehydes. But it is not so. Vc=o 

absorption of acids is lowered due to internal 

conjugation working in opposite direction. α- β 

unsaturated acids (or) aryl acids show carbonyl 

absorption at lower wave number (Table-3).To 

improve the yield of the product, we carried out 

the test reaction in presence of solvents and the 

results are presented in Table -4. The results of 

these experiments showed that the catalytic 

activity of green method Mo nanoparticles is 

better with chemical method. 

CONCLUSION 

In the present study it was found that leaves of 

Plumbago Zeylanica are a good source for the 

synthesis of Mo nanoparticles. The synthesized 
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Mo nanoparticles were characterized by 

different techniques (UV, IR, SEM and XRD) 

which confirm the formation of the same. Using 

green synthesis, molybdenum NPs were 

synthesized from Plumbago zeylanica leaf 

extract as reducing agent. Optical, structural, 

surface morphological and antibacterial 

activities of synthesized sample were examined. 

The green synthesized Mo nanoparticles have 

shown good antibacterial activity against both 

gram positive and gram negative bacteria and 

catalytic activity of the oxidation of 

benzaldehyde to benzoic acid. 
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