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Transition metals (Mn, V) based oxo-anions (hybrid materials) were synthesized and characterized by X-ray powder diffraction, UV-

visible and infrared spectral analysis. Metal-based polyoxo anion (POM) hybrid materials reflect stronger antioxidant potential as 

indicated by their higher DPPH scavenging activity. The synthesized POM compounds also exhibit enhanced bacterial activity of 21 ± 2 

and 17 ± 3 g/mL against Staphylococcus aureus (Gram-positive) and Escherichia coli (Gram-negative), respectively.  The efficacy of 

the synthesized hybrid materials can be attributed to the synergistic effects of the cations and oxo-anions, which lead to more potent 

derivatives with a broader spectrum of antibacterial activity. 
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INTRODUCTION 

 Hybrid materials consist of two or more distinct compo-

nents that are combined to form a new material with unique 

properties. The components can be of different chemical 

compositions or phases. The term polyoxometalate (POM) is 

applied to a large group of generally anionic clusters with 

frameworks built from transition metal oxo anions linked by 

shared oxide ions [1]. They exhibit a wide range of structural 

and chemical properties, making them useful in a variety of 

applications such as catalysis, energy storage and material 

science [2-6]. 

 Hybrid materials are based on transition metal oxo-

clusters. This is a new class of advanced materials that have 

attracted significant attention in recent years due to their 

unique properties and potential applications [7]. Transition 

metal oxoclusters are clusters of transition metal atoms that 

are bound together by oxygen atoms. POMs are of high diver-

sity of composition, size and structure. Depending on their 

compositions, they can be classified into two categories e.g. 

isopolyoxometalates consisting only one set of polyanions 

[MmOy]p– and hetero-polyoxometalates consisting more than 

one set of polyanions [XxMmOy]p– where X atom refers to Mn 

and V [8]. The metal element M, usually in an octahedral, 

tetrahedral or rarely trigonal bipyramidal environment of 
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oxygen atoms. Cluster gives rise to existence of a large 

number of rigid and stable structural isomers.  

 Furthermore, isomerization has already been identified 

theoretically and experimentally in the classical Keggin, 

Dawson, Anderson, Lindqvist-type phases and many other 

clusters [9]. The synthesis of POMs and their antibacterial 

activity can depend on the choice of metal ions, the type of 

ligands and the overall structure of the molecule [10]. Manga-

nese and vanadium substituted POMs (Mn-POMs, V-POMs) 

become visible to attract the significant attention due to their 

variable oxidation states, redox properties, magnetic proper-

ties and other chemical properties [11,12]. It has been consi-

dered as unique metal center and plays crucial role in many 

catalytic pathway, magnetism and biological activity. 

EXPERIMENTAL 

 All chemicals and reagents were purchased from Merck, 

USA and used as such. IR spectra were recorded in the range 

4000-400 cm–1 on an Alpha Centaurt FT/IR spectrophoto-

meter using KBr pellets. Diffused reflectance UV–Vis absor-

ption spectra were obtained using Shimadzu ISR-3100 UV–

Vis–NIR scanning spectrophotometer in range of 200–800 

nm. PXRD patterns were recorded using Bruker D2 phaser 

(source CuK radiation,  = 1·5418 Å) in the range 0-90º. 
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Synthesis of transition metal-based silverton-type anion 

(STA) complexes 

 Vanadium based STA: To synthesize vanadium-based 

silverton-type anion (STA), ammonium ceric sulphate (0 

mmol) and ammonium heptamolybdate (0.5 mmol) were 

dissolved in 30 mL of H2O separately and mixed well under 

constant stirring [13]. To this solution, vanadyl sulphate (0.5 

mmol) dissolved in 15 mL water was then added and stirred 

for 10-15 min in the presence of few drops of conc. HNO3. 

The solution was continuously stirred for another 1.5-2 h. A 

green colour precipitate was obtained and filtered and dried 

at room temperature. 

 Manganese based STA: The manganese-based silver-

ton-type anion (STA) was synthesized following a procedure 

similar to the above method, except that 0.5 mmol of manga-

nese(II) sulfate was separately dissolved in 15 mL of water. 

A small quantity of potassium persulfate was subsequently 

added to promote the oxidation of manganese. This solution 

was stirred for 10-15 min in the presence of a few drops of 

conc. HNO3 and continued for another 1.5-2 h. A pale yellow 

colour precipitate was obtained and filtered then dried at 

room temperature.  

 Antioxidant assay: The antioxidant activity of the syn-

thesized transition metal based (Mn, V) oxo-anions (hybrid 

materials) was evaluated by DPPH assay with slight altera-

tions in 96-microwell plates [14]. The working concentra-

tions for the hybrid materials and reference ascorbic acid 

ranged from 250 to 16,000 µg/mL in DMSO solvent. To 

evaluate the antioxidant activity, 100 µL of a 100 mM DPPH 

solution was added to the sample suspensions and incubated 

in dark at room temperature for 0.5 h. Absorbance was mea-

sured at 517 nm over 2 h using a multiwell plate reader and 

DMSO was used as blank. The IC50 is defined as the concen-

tration required to reduce the initial DPPH absorbance by 

50% was determined as the average of three replicates. 

 Antimicrobial activity: To investigate the antimicrobial 

resistance, Staphylococcus aureus and Escherichia coli were 

selected as model Gram-positive and Gram-negative patho-

gens, respectively, in this study [15]. The material was placed 

over a ciprofloxacin disk to evaluate its effect on antimi-

crobial resistance using the disk diffusion method under 

ionized and metallized conditions. The bacteria were cultured 

overnight in a flask accommodated by liquid Luria-Bertani 

(LB, 25 g/L) under incubator shaker at 37 ºC. At the same 

time, 25 g/L fresh LB agar with the curing agent (agar, 15 

g/L) was poured in a petridish, while solidifying at room 

temperature [16]. Afterwards, the cultured S. aureus and E. 

coli mixture (200 mL) was extended evenly on the solidified 

LB agar plates. Subsequently, the polyoxometalate comp-

lexes were sterilized under ultraviolet (UV) radiation for 30 

min while placed on the surface of LB agar in Petri dishes. 

The inoculated plates were then incubated at room tempera-

ture overnight to allow bacterial growth. Zones of inhibition 

around the disks were recorded [9,17]. 

RESULTS AND DISCUSSION 

 FT-IR: FT-IR spectra of silverton-type anion transition 

metal-based STA are shown in Fig. 1. The finger print region 

of STA is present between 1200-450 cm–1 [18]. The STA 

clearly shows the four key peaks of (M-Ot) terminal oxygen 

bridging, (M-Ob) intra/inter-oxygen bridging, M-O-M and 

M-O (M = V, Mn) which are attributed to 1184 cm–1 and 1094 

cm–1, 939 and 896 cm–1, 843 cm–1 and 521 cm–1 [19]. The 

peak at 475 cm–1 corresponds to Mn-O bond [20]. The IR 

spectral data of metal doped STA are given in Table-1. 

 UV-visible spectroscopy: The Mn-STA material exhi-

bits absorption bands at 232 nm and 201 nm (Fig. 2a), which 

correspond to STA, with a calculated band gap of 5.34 eV 

[21]. In comparison, the V-STA complex shows the absorp-

 
Fig. 1. FT-IR spectra of (a) Mn-STA and (b) V-STA 

 
TABLE-1 

FT-IR SPECTRAL DATA OF Mn-STA AND V-STA 

Compounds 
Vibrational frequencies (cm–1) 

–OH M–O M–O1 M–Ob M-O-M M–O (M = V, Mn) 

Mn-STA 3061 475 1184, 1094 939, 896 843 521 

V-STA 3063 475 1185, 1093 940, 895 843 521 
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tion bands at 201 nm and 235 nm (Fig. 2b), indicating a 

significant blue shift. The corresponding band gap for V-STA 

was found to be 5.27 eV. Since, the absorption bands of both 

Mn-STA and V-STA appear in the region between 232-235 

nm, which are due to ligand-metal charge transfer (LMCT) 

or oxygen to metal charge transfer (OMCT). 

 X-Ray diffraction (XRD) studies: The peaks at 9.85º, 

10.52º, 11.81º, 21.39º, 25.46º, 26.41º, 28.71º, 30.00º, 45.15º 

and 57.50º correspond to 12-B polyacids where Mn is present 

in the Mn-STA hybrid material (Fig. 3a). Whereas in V-STA 

hybrid material, the XRD peaks at 9.85º, 10.66º, 11.87º, 

21.39°, 25.60º, 26.41º, 28.86º, 36.87º, 45.42º and 57.50º also 

correspond to 12-B polyacid [22,23].  

 Antioxidant activity: The antioxidant potential of the 

hybrid materials (V-STA and Mn-STA) was determined 

using the DPPH assay. As observed in Table-2, the antioxi-

dant activity increases with concentration of the compounds. 

Ascorbic acid exhibits the highest radical scavenging activity, 

reaching 70.12 mg/100 g at the highest concentration of 100 

TABLE-2 

ANTIOXIDANT STUDY OF Mn-STA AND V-STA 

Conc. (µg/mL) Ascorbic acid V-STA Mn-STA 

20 17.44 14.1 13.25 

40 30.23 28.28 30.13 

60 43.77 35.15 47.89 

80 55.43 52.17 58.35 

100 70.12 68.26 69.81 
 

mg/mL. Both the hybrid materials, V-STA and Mn-STA 

follow a similar trend but show slightly lower values of 68.26 

and 69.81 mg/100 g, respectively, at the same concentration. 

The IC50 value for the standard ascorbic acid was found to be 

50 mg/mL, while the IC50 values for STA-V and STA-Mn 

would be lower, reflecting stronger antioxidant potential as 

indicated by their higher DPPH scavenging activity at each 

concentration. Based on the data, both the hydrid materials 

demonstrate strong antioxidant properties and could be 

explored further as potential natural antioxidants for various 

applications.  

 
Fig. 2. UV-Vis spectra of (a) Mn-STA and (b) V-STA 

 
Fig. 3. XRD patterns of (a) Mn-STA and (b) V-STA 
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 Antimicrobial activity: The results showed that the 

Mn-STA material has higher antibacterial activity against S. 

aureus and E. coli, with an inhibition zone of 21 ± 1 mm and 

20 ± 2 mm, respectively. This suggests that the Mn-STA 

material exhibits broad-spectrum of antimicrobial properties, 

inhibiting both Gram-positive and Gram-negative bacteria 

effectively. The V-STA exhibits comparable antibacterial 

effect, producing inhibition zones of 20 ± 2 mm for S. aureus 

and 20 ± 3 mm for E. coli. This indicates that the vanadium 

hybrid material also possesses broad-spectrum of antimicro-

bial activity. The antimicrobial performance of these comp-

ounds could be attributed to the presence of metal ions, which 

are known to disrupt bacterial cell walls and interfere with 

intracellular processes [24,25]. 

Conclusion 

 Two new polyoxometalates i.e. M-STA (where M = Mn, 

V and STA is the silverton-type anion) were synthesized and 

characterized using spectroscopic techniques such as FT-IR 

UV and X-ray diffraction (XRD). Both polyoxometalates 

STA-V and STA-Mn reflect stronger antioxidant potential  

as indicated by their higher DPPH scavenging activity at 

different concentrations. The antimicrobial activity were also 

carried out for the polyoxometalates complexes and showed 

the enhanced antibacterial activity against the studied patho-

gens. 
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