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1 Introduction 
Polyoxometalates (POMs) are an exceptional family of 

inorganic clusters consisting of Mo, V, W, etc [1-4]. Since 
the first POMs, (NH4)3[PMo12O40] (PMo12), reported by 
Berzelius in 1826, the POMs chemistry, a special branch of 
coordination chemistry, has aroused wide attention with 
the development of structure characterization technology 
[5]. Polyoxometalates are often utilized as well-defined 
models to study selective oxidation and acid catalysis by 
metal oxide [6]. Keggin type POMs (XM12O40) act as 
oxidation and acid catalysts, and by varying the 
heteroatom (X = P5+, Si4+ and As5+) and framework metal 
atoms (M = Mo6+, V5+ or W6+), one may vary the acid and 
redox properties systematically while maintaining the 
same framework structure [7, 8]. 

POM science is no longer focused specially on the 
design and synthesis of novel structures but is trending 
toward the consideration of more interdisciplinary 
multifunctional materials and related fields to diversify the 
future possibilities of POMs [9, 10]. As could be expected, 
the intrinsic topology structures of POMs shown in Fig.1. 
POMs are broadly applicable include in optics, 
electrochemistry, magnetism, medicine, and catalysis [11–
13]. 

 

Fig.1.Ten basic structural topology of POMs clusters 

The PA is the metal oxygen clusters with MO6 units set 
to bridge the oxygen atoms. PA is early transition metal 
which is used mostly in the different fields. Polyacid is one 
of the most interesting areas in Inorganic chemistry, 
exhibiting at various promising properties and 
applications. Polyacid have a molecular weight as well as 
temperature response over doped polymer material [14]. 
Polyacid (PA) is shown as an effective study in last decades 
of geometric and electronic structural property. Polyacid 
doped natural polymers which have three major 
challengesin ions pairing, selectivity, stability, and 
reactivity [15-16].  

Polyacid (PA) is a sub-division of MO (metal oxide) 
with specific, unique physical and chemical properties, as 
well as prospective applications like structural materials, 
medicines, catalysts. Polyacid doped Natural polymer give 
an important studies, such as Prosopis juliflora Resin in 
Figs.2 and 3. Therefore, it is found that the Polyacid doped 
natural polymer exhibit the high catalytic activity to a new 
properties and applications [17]. In this paper, a study on 
Polyoxometalate doped natural polymer has been 
discussed. 
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Fig.2. Prosopis juliflora 

Fig.3. Prosopis juliflora resin 

 
2 Experimental 
2.1. Chemicals and Reagents 

All reagents used in the experiments were of analytical 
grade. Ammonium molybdate, Manganese (II) sulphate, 
Disodium hydrogen phosphate, Potassium persulphate, 
concentrated Nitric acid from Merck. 

2.2. Synthesis of PA doped Natural polymer 
The complex is prepared by mixing of ammonium 

molybdate solution (4 g, 10 ml) with the solution of 
disodium hydrogen phosphate(1 g, 10 ml) followed by the 
addition of few drops of nitric acid. To this mixture(1 g of 
Resin, 10 ml) resin solution is added continuously with 
stirring. The formed products are filtered and dried. 
 
2.3. Synthesis of MnPA doped Natural polymer 

The complex is prepared by adding 1 g of manganese 
(II) sulphate and the oxidant, potassium persulphate in 10 
ml of distilled water. To this content, the solution of 
ammonium molybdate (4 g, 10 ml) is added. To this 
acidified solution, 1 g of disodium hydrogen phosphate is 
added with continuous stirring and heated. To the 
prepared Mn-PA solution, Natural Polymer (R) is added 
with continuous stirring. The formed products are filtered 
and dried. 
 

2.4. Analytical measurements 
The sample was analyzed using various analytical 

techniques. IR spectrum was recorded using Perkin Elmer 
spectrometer (PES) was recorded in the spectral range of 
4000-400cm-1. The morphology of the doped was 
investigated using scanning electron microscope (JASCO 
JSM 6390 SEM).  The XRD spectrum was recorded using 
(SHIMAZDU XRD-6000) diffraction analysis. 

3 Results and Discussion 
  3.1. FTIR spectra 

The FT-IR spectra of PA, MnPA, PA-R and MnPA-R are 
shown in Fig.4. The IR spectral data of PA, MnPA, PA-R and 
MnPA-R are given in Table.1. The tentative band 
assignment is based on the literature[18].  

In Fig. 4a and 4c PA exhibit intensive three 
characteristic peaks at 1643 cm-1 is assigned to intra ring 
(C=C) vibration. The peak at 1067 cm-1 indicates the 
absorption of P-O stretching vibration. The peak at 974 
cm-1 is assigned to Mo-Ot stretching. A peak at 854 cm-1 is 
stretching frequency of M-O-M bonds. The stretching 
vibrations of M-O-X is at 704 cm-1(X=P). These sharp peak 
splits indicates that the PA structure was maintained after 
immobilization.  

In Fig.4b the peak at 786 cm-1 indicates the stretching 
frequency of M-O-X (X=Mn). The tentative assignment of 
PA doped natural polymers are 1063 cm-1 P-O; 965 cm-1  
Mo-Ob; 787 cm-1, polymers like Prosopis juliflora resin (R), 
assignments based on the one at 964 cm-1 split into three 
spectral peaks which indicate the presence of Mn in the PA 
lattice (Mn-PA) as shown in Fig.4d.  

Fig.4c shows PA doped natural polymers (Resin) in 
which peaks at 1062 cm-1 is stretching frequency P-O. This 
vibrating peak revealed that the PA doped natural 
polymers; structure is remaining intact after doping. 
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Fig.4. IR spectra of (a) PA, (b) MnPA, (c) PA-R and 
(d)MnPA-R 

Table1: IR spectral data of PA, MnPA, PA-R and MnPA-R 
Compounds P-O (cm-1) Mo-Ot 

(cm-1) 
M-O-
M 
(cm-1) 

M-O-X 
(X=P&Mn)) 
(cm-1) 

PA 1067 974 854 704 
MnPA  1055 969 865 786 
PA-R  1063 965 866 787 
MnPA-R  1062 964 864 786 

 
 
 

 

3.2. Scanning electron microscopic studies (SEM) 
The SEM morphology of Fig. 5a and 5b show that 

uniform formation of granules is around 5mm.  The PA and 
MnPA doped natural polymers (Prosopis juliflora resin) 
synthesized under the same conditions, respectively. Fig. 
5c and 5d show that the spherical structure of the sample 
with the average diameter of 5 mm. Thus, the formed SEM 
morphology shows that the structure of PA and Mn-PA in 
intact in doped natural polymers [19]. The SEM images 
which are confirm that the polyacid is loaded over the 
natural polymer (resin) material. The formation of host-
guest compound is confirmed by SEM images. 

 

 

 

 
 

Fig.5. SEM morphology of (a) PA (b) MnPA (c) PA-R and 
(d) MnPA-R 
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3.3. X-Ray Diffractions (XRD) 
 The XRD pattern of PA are shown Fig.6a contains 
some sharps peaks at 11.19°, 15.45°, and 27.59°, 
representing the crystal planes of (200), (100), (111), of 
PA respectively. In Fig.6b shows XRD pattern of MnPA 
contains some sharps peaks at 28.50°, 30.27°, and 41.22°.  
Fig.6c shows XRD patterns for the PA doped natural 
polymers display characteristic peaks as assigned to resin 
(R) 2θ = 26.11°, 35.73°, and 30.25° (maximum intensity) 
which corresponds to the intermolecular interaction. 
Fig.6d shows XRD patterns for the MnPA doped natural 
polymers display characteristic peaks as assigned to resin 
(2θ = 26.07°, 35.65° and 30.20°).The pattern shows 
orthohombic structure and is in good agreement with 
JCPDS card number (88-2037) [20]. The (hkl) values for 
some of the most prominent peaks are (101), (102) and 
(002) which corresponds to the interplanar distance. The 
characteristic peak also revealed that the PA structure is 
preserved after incorporation with natural polymers. The 
crystallite size is estimated according to the Debey-
Scherrer equation [21, 22].  

D = k λ/ βcosθ  
Where, D is the mean grain size (nm);  k the constant 

(shape factor, approximately (1.0); λ represents the X-ray 
wavelength (0.154 nm for Mn k∞,  β stands for the line 
broadening at half the maximum intensity and θ is the Bragg 
angle. It can be seen the average size of nanocrystals increases 
as doping Polyacid–Natural polymer is increased. The 
increasing in particle size is also clear from the decreasing in 
the full width at half maximum (FWHM) of the XRD Peaks. The 
lattice parameter calculated for the major three peaks for all 
the samples. The grain size and crytallinity of PA, MnPA, 
PA-R and MnPA-R are shown in Table 2. 

 

 

 
 

 
Fig.6.  XRD pattern of (a) PA (b) MnPA, (c) PA-R and (d) 

MnPA-R 
 
 

Table 2: Crystalline Grain size of PA, MnPA, PA-R, MnPA-R 

S. No Samples 
2θ 

Values 
‘D’-Grain size values 

(nm) 

1 PA 

11.19 18 

15.46 20 
27.59 22 

2 MnPA 

28.50 26 

30.27 17 
41.22 16 

3 PA-R 

26.11 23 
35.73 22 
30.25 22 

4 MnPA-R 
26.07 19 
35.65 21 
44.21 31 

 

3.4. Antibacterial Activity 
Antibacterial activity of the compounds was tested in 

vitro by the well distribution method [23] against the 
bacteria E. coli and Staphylococcus aureus. The zone of 
inhibition values of the considered compounds against the 
bacteria are precised in Table 3. Antimicrobial experiment 
of PA and MnPA doped natural polymers (resin) effectively 
acts on Gram positive and Gram negative cell activity. 
Thus, the listed of Gram positive and Gram negative 
activity of PA and Mn-PA doped natural polymers, as 
shown in Fig.7 with bar chart.  

In this experiment, the results have confirmed that the 
anti-microbial activity of natural polymers. The PA and 
MnPA doped (resin) natural polymer shows high Gram 
negative (Escherichia coli I and II) ±18mm; ±12mm; 
±13mm and ±14mm (Staphylococcus aureus I and II) 
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±16mm; ±10mm; ±16.5mm and ±16mm due to interaction 
of natural polymer over PA which corresponds to 
enzymatic modifications.  

 

 
Fig.7. (Bar chart) Anti-microbial activity of PA, MnPA,  

PA-R and MnPA-R 
 

Table 3: Anti-microbial activity of PA, MnPA, PA-R and 
MnPA-R 
 

Compound 

Zone of Inhibition (mm) (activity index) 
std 
Gram (+) ve Gram (-) ve 

Staphylococcus aureus Escherichia 
Coli 

PA 16mm 18mm 

MnPA 10mm 12mm 

PA-R 16mm 13mm 

MnPA-R 16mm 14mm 

 

4. CONCLUSION 

PA and Mn-PA doped natural polymers are 
synthesized and characterized by using FT-IR which shows 
the presence of prominent peaks which explains the 
structure. SEM image shows that morphological structure 
on the PA and Mn-PA doped natural polymer (Prosopis 
juliflora resin). The XRD studies confirm the crystallite size 
of PA and Mn-PA doped natural polymers. The grain size is 
around 10 micro scales. 
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