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Modification in MnO2 optical and catalytic properties with rare earth metal and Carbonaceous 

spheres has been excepted as an promising methodology for better waste water remediation 

against  RhB, , to the best of our comprehension , no publication has been reported on this.  

In this study, reference samples and Sm/Cs doped-MnO2 NSs have been prepared by co-

precipitation approach. Antimicrobial action against E. coli and dye removal from water were 

studied using synthesized samples. The detailed analysis of the ternary system was observed by a 

variety of characterizations 
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Dopant-free and Sm/Cs doped-MnO2 NSs were synthesized. 

Sm/Cs-doped MnO2 nanostructures (NSs) owned antibacterial and catalytic attributes. 

Cs/Sm doped MnO2 was proposed as a potential blocker of FabB and DNA gyrase enzymes. 
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Abstract 

The co-precipitation technique was adapted to synthesize different concentrations (2 and 4 %) of 

samarium (Sm) doped constant equates of carbon spheres (Cs) and manganese oxide (MnO2). 

The principal objective of this investigation is to demonstrate confirmation that Sm/Cs-doped 

MnO2 nanostructures (NSs) owned antibacterial and catalytic attributes. Reduction in surface 

area manifested to agglomeration, NSs faces become inaccessible to initiate a reaction, can be 

overcome upon doping of Sm. Sm has the potential to increase the activity of metal oxide 

ascribed to its electron trapping effect. The structural morphologies, optical properties, functional 

groups, elemental composition, and d-spacing were determined by applying various 

characterizations. With the incorporation of CS and Sm, UV-vis spectra shifted towards lower 

wavelength and band gap energy (Eg) was reduced. MnO2 possessed orthorhombic structure, 

according to the XRD pattern and TEM exhibited long Burr-like morphology of undoped MnO2. 

SAED image illustrated that MnO2 is polycrystalline. 4% Sm/CS doped MnO2 revealed the 

highest degradation (91%) in a neutral environment. Furthermore, 4% Sm/Cs doped-MnO2 

revealed an inhibitory zone of 2.85 mm against Escherichia coli (E. coli). Additionally, an 

analysis of molecular docking revealed a binding interface with NRs and the functional domains 
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of certain cellular proteins. Results indicated that Cs-doped MnO2 and Cs/Sm-doped MnO2 NRs 

are the most potent DNA gyrase and FabB enzyme inhibitors. 

 

Keywords: Catalyst, bactericidal, samarium/carbon, molecular docking 

 

INTRODUCTION   

In the time of scientific innovation and industrial development, the environment is mainly the 

victim of industrial by-products. Water pollution is a major environmental problem that gets 

worse over time. Organic wastes, likely dyes, are the utmost dischargeable impurities in water, 

which threaten lives. It may cause severe damage to the kidney, liver, and central nervous system 

(CNS).  Dyes, including Rhodamine B (RhB), methyl orange (MO), methylene blue, and congo 

red, are toxic, with mutagenic and carcinogenic effects on humans and ecosystems [1]. Mastitis 

incurs significant financial implications for the dairy industry. It's attributed to abnormalities in 

milk's microbiome, chemistry, physical alterations, and structural modifications to the mammary 

glandular pad. Pathogens, including E. coli and Staphylococcus aureus (S. aureus), can evolve 

from various sources like the host, atmosphere, season, and typical pathogen [2,3]. The parasitic 

microbes reproduce rapidly, eradicating indigenous aquatic species and harming the ecosystem 

by lowering dissolved oxygen levels [4,5]. Several techniques, such as adsorption, catalysis, 

advanced oxidation process [6], ozonation [7], irradiation, and photocatalysis [8,9], can be used 

for wastewater treatment. Several theories have been proposed on the mechanisms behind the 

influence of metallic nanoparticles (MNPs) on microbial enzymes. These theories include the 

disruption of microbial enzymes caused by metal ion liberation, changes in membrane integrity 

resulting in penetration into the bacterial cytoplasm, accumulation within the periplasmic space, 
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and direct influence by reactive oxygen species (ROS) produced as a result of MNP exposure 

[10]. Catalysis is a cost-effective, environment-friendly, and energy-efficient process [11].  

In the last few years, semiconductor nanomaterials (NMs) have aroused considerable interest in 

environmental development for researchers. Two-dimensional (2D) materials, including MoS2, 

BN, GO, MnO2, and WS2, are currently being employed to improve water purification [12–14]. 

MnO2 is naturally abundant, low toxic, and cheaper [15]. MnO2 is one of the most attractive 

inorganic materials owing to its structural and physical characteristics, broad implementations in 

energy storage, catalysis [15], antimicrobial activity, ion exchange, biosensors, and molecular 

sieves [16]. However, MnO2 has a wider bandgap, which limits its ability to absorb visible light. 

Consequently, several strives have been to improve MnO2's antibacterial capacity and dye 

degradation effectiveness[17]. Dang's group synthesized MnO2-coated diatomite composite via a 

wet-chemical technique to evaluate the degradation rate of MO and MB [18]. Fathy et al. 

employed a co-precipitation methodology to prepare MnO2/MWCNT nanocomposite catalyst 

and assessed the oxidative decolorization of RB19 dye [19]. To improve the dye degradation, 

other publications on metal oxides doped with RE metal ions are also published as Eu-doped 

ZnO [20], Gd-doped TiO2 [21], Gd-doped ZnO [22], and Sm-doped ZnO [23]. This study 

focuses on Sm doping in MnO2 for better Catalytic activity. Sm ions (Sm2+ and Sm3+) can 

potentially upgrade metal oxide activities ascribed to trapping electrons [24]. Carbon spheres are 

a significant candidate for a novel form of catalytic support because of their abundance of 

surface functional groups, including carboxylic, hydroxyl, and carbonyl groups. For example, 

carbon spheres have been employed as a support for the immobilizing of metal oxides, metal 

sulphides and metals [25]. Modification in MnO2 optical and catalytic properties with rare earth 

metal and Carbonaceous spheres has been excepted as an promising methodology for better 
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waste water remediation against  RhB, , to the best of our comprehension , no publication has 

been reported on this.  

In this study, reference samples and Sm/Cs doped-MnO2 NSs have been prepared by co-

precipitation approach. Antimicrobial action against E. coli and dye removal from water were 

studied using synthesized samples. The detailed analysis of the ternary system was observed by a 

variety of characterizations 

2 EXPERIMENTAL SECTIONS  

2.1 Materials 

Manganese (II) sulfate monohydrate (MnSO4.H2O, 99%, Panreac), Potassium per-manganate 

(KMnO4, 99.5%, AnalaR), Sodium hydroxide (NaOH, 98%) had received from Sigma-Aldrich. 

Samarium (III) nitrate hexa-hydrate (Sm (NO3)3.6H2O, 99.9%, Alfa-Aesar) were used as 

purchased.  

2.2 Synthesis of Cs  

The hydrothermal carbonization method was utilized to prepare Cs. A 1 M glucose solution was 

prepared at continual stirring to attain the desired transparent and straightforward solution. The 

aqueous solution was autoclaved at 180 ˚C for 12 h. Cs were recovered by washing the 

accompanied precipitates with DI water and drying them overnight at  100 ˚C, as shown in Fig. 

1a. 

2.3 Synthesis of MnO2 and Sm/Cs doped-MnO2 

Co-precipitation was employed to synthesize MnO2 NSs using 0.5 M of MnSO4.H2O and 

KMnO4, stirred vigorously at 80 ˚C. The pH remained steady at 12 with a dropwise inclusion of 
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1 M NaOH. The precipitates were washed out by centrifugation twice (7 min at 7000 rpm) under 

continuous stirring, heated overnight at 150 ˚C, and crushed to obtain MnO2 fine powder. 

Similarly, the procedure mentioned above was followed to synthesize distinct concentrations (2 

and 4%) of Sm-doped fixed amounts of Cs into MnO2, as portrayed in Fig. 1b. 

2.4 Catalysis 

The CA of pristine and Sm/Cs doped-MnO2 was performed using 400 L of Sodium borohydride 

(NaBH4) as the reductant and 3 mL of newly prepared MB solution as the oxidant. 

Consequently, 400 mL of synthesized samples were added to the above solution. Decolorization 

of RhB into LRhB was observed at predictable spans. The degradation rate was studied by UV-

vis spectrophotometer, and the %age of dye degradation was assessed as follows [26]: 

% Degradation =  
𝐶0− 𝐶𝑡

𝐶𝑜
 × 100 ------------------- (1) 

2.5 Segregation and Identification of MDR E. coli 

2.5.1 Specimens Assortment 

Raw milk samples from selected dairy cattle were collected by direct milking into disinfected 

glassware marketed at various veterinary hospitals, markets, and farms in Punjab, Pakistan. Plain 

milk was transferred to the laboratory promptly after being retrieved at 4 ˚C. The coliforms in 

raw milk were enumerated on MacConkey agar. Plates were incubated for 48 h at 37 ˚C. 

2.5.2 Recognition and Differentiation of Bacteria 

Gram staining and various biochemical procedures were executed to validate the initial 

recognition of E. coli based on the colony shape seen, as described in Bergey's Manual of 

Determinative Bacteriology [27]. 
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2.5.3 Antibiotic susceptibility  

Disk diffusion was used by Bauer et al. [28] over Mueller Hinton agar to test antibiotic 

susceptibility (MHA). Antibiotic resistance of E. coli was determined by performing a test on the 

subsequent antibiotics (classes); Tetracycline (Te) 30 µg (Tetracyclines), Amoxycillin (A) 30 μg 

(Penicillins), Ciprofloxacin (Cip) 5 µg (Quinolones), Gentamicin (Gm) 10 µg 

(Aminoglycosides), Azithromycin (Azm) 15 µg (Macrolides), Ceftriaxone (Cro) 30 µg 

(Cephalosporins) and Imipenem (Imi) 10 µg (Carbapenem),  [29]. The turbidity of E. coli 

decontaminated colonies was set to 0.5 MacFarland. In addition, the contaminated plates were 

spread-plated over Muller Hinton Agar (MHA) to avoid the antibiotic plates from overlaying 

their inhibitory domains. After 24 hours of incubation at 37°C, the findings were interpreted in 

accordance with the criteria established by the Clinical and Laboratory Standard Institute [30]. 

Bacteria that showed resistance to at least three different antibiotics were classified as multidrug-

resistant [31].  

2.5.4 Antibacterial Evaluation 

Using agar well diffusion technology, in vitro bactericidal action of pristine and Sm/Cs doped-

MnO2 was assessed by MDR E. coli reflective strains collected from mastitis milk. The 0.5 

McFarland norm of MDR E. coli was swabbed onto Macconkey agar dishes. A septic cork borer 

was adopted to construct 6 mm diameter holes in agar. Developed materials were employed at 

both mild (0.5 mg/50 µl) and higher (1.0 mg/50 µl) concentrations. We accordingly employed 

dilutions of ciprofloxacin (0.005 mg/50 µl) and DI water (50 µl) as positive and negative 

standards [32]. 

2.5.5 Statistical analysis  
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Inhibition region widths (in mm) were used to determine antibacterial efficacy, and single-way 

variance analysis (ANOVA) employing SPSS 20 was implemented for the statistical evaluation 

[33]. 

2.7 Molecular Docking Analysis 

 Molecular binding investigation of Cs-doped MnO2 and Cs/Sm-doped MnO2 was studied. This 

was done by focusing on integral proteins for microbial progression and maintenance. Binding 

analysis was subjected to several protein targets from different biosynthetic processes, including 

DNA gyraseE. coli and -ketoacyl- [acyl carrier protein] synthase I. (FabB) BE. coli. DNA gyrase is 

critical in producing genetic material and folic acid, essential for microbial resilience. FabB 

catalyzes critical stages in bacterial cells' fatty acid biosynthesis pathway [34–36]. Crystal 

structures of E. coli target proteins were obtained using a protein data library (Fig. S5). Protein 

Data Bank was examined for structures of DNA gyrase BE. coli (PDB ID: 4PRV), resolution:1.45 

[37], and -ketoacyl- [acyl carrier protein] synthase I (FabB) BE. coli (PDB ID: 1FJ4),) 

resolution:2.35 [38]. The binding analysis was performed with SYBYL-X 2.0 software suite 

[39]. SYBYL-X 2.0 was utilized to create 3D frameworks of compounds and assess the binding 

capacities of nanorods with the active domain motifs of chosen proteins, the same as it had been 

employed in our prior studies [40,41]. 

3 RESULTS AND DISCUSSION 

Cs were synthesized using hydrothermal carbonization, illustrated in Fig. 1a. Various Sm 

concentrations (2 and 4 wt.%) were doped into Cs/MnO2 via the co-precipitation route, as shown 

in Fig. 1b.  
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Fig. 1: (a) Schematic synthesis of Cs and (b) integration of Sm/Cs-doped MnO2. 

Fig. 2a illustrates the structural properties and phase purity of   MnO2 and Sm/Cs-doped MnO2 

NSs employing XRD patterns. Bragg Peaks sited at 21.70° (110), 36.95° (021), 44.42° (220), 

49.32° (230), 55.36° (221), 66.05° (241), and 79.09° (022) confirmed the orthorhombic structure 

of MnO2 by (JCPDF 01-073-1539/00-039-0375). Moreover, peaks at 28.05° (212) and 32.27° 

(103) attributed to Mn2O3 and Mn2O4, respectively advocated by (01-073-1826/00-024-0734). 

Upon doping of Cs, peaks broadening were noticed, attributed to their small crystal size. Peak 

broadening is also associated with amorphous carbon and low-degree graphitization [42]. The 

intensity of peaks decreased and broadened upon the incorporation of 2% Sm into MnO2 as it 
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inhibits the growth of the MnO2 lattice, in line with earlier reports [43]. However, the higher 

doping of Sm increased the peak intensity, which implies that Sm integration may be 

advantageous to the growth of preferential orientation [44]. Using the Debye-Scherer formula 

calculated the grain (crystallite) size of prepared samples as mentioned below [45]: 

G.S = 
𝑘𝜆

𝛽𝐶𝑜𝑠𝜃
 

The grain size of MnO2, Cs doped-MnO2, and (2 and 4 wt.%)Sm/Cs doped-MnO2 was measured 

as 14.60, 12.67, 9.89, and 12.92 nm respectively.  

The specimens’ surface area was computed using the following equation [46]: 

Surface area = 
6000

𝐺.𝑆 × 𝜌𝑥 
 

The surface area of MnO2, Cs doped-MnO2, and (2 and 4 wt. %)Sm/Cs doped-MnO2 is 96, 97, 

156.43, and 119.38 m2/g.  

As crystallite size increases, surface characteristics such as specific surface area and surface-to-

volume ratio decrease [47]. In smaller grains, deformation occurs due to changes in the surface 

state of the boundary [48] which is why surface area increases and vice versa. 

The following relationship was used to compute the percentage crystallinity of as-synthesized 

specimens [49]: 

% Crystallinity = 
𝐴𝑟𝑒𝑎 𝑢𝑛𝑑𝑒𝑟 𝑡ℎ𝑒 𝑐𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑒 𝑝𝑒𝑎𝑘

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑎𝑙𝑙 𝑝𝑒𝑎𝑘𝑠
 

The pristine MnO2, Cs doped-MnO2, and (2 and 4%)Sm/Cs doped-MnO2 had a calculated 

crystallinity of 55.63, 30.34, 29.89, and 51.44% respectively. 
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Furthermore, the following formula was used to calculate the percentage porosity [49]: 

% porosity = [1 - 
𝜌𝑏

𝜌𝑥
] × 100 

𝜌b and 𝜌x are bulk density and density of x-ray respectively. 

The percentage porosity of bare MnO2,  Cs doped-MnO2 is 16%, and 45% respectively, and upon 

doping of Sm, the porosity becomes 64%. 
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Fig. 2: (a) XRD analysis, (b) FTIR spectra, and (c–f) SAED graphs of MnO2, Cs-doped MnO2, 

and Sm (2 and 4 wt.%)/ Cs-doped MnO2. 

FTIR spectroscopy was used to examine the existence and nature of functional groups, MnO2, 

and their chemical functionalities. Fig. 2b depicts the FTIR spectra of bare and Sm/Cs-doped 
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MnO2 NSs in the 4000-500 cm-1 region. The transmittance range at 1640 cm-1 corresponded to 

the extending oscillations of the adsorbed water molecule, and the stretching vibration of the 

hydroxyl group was observed in the band at 3300 to 3500 cm-1 [50,51]. Pristine MnO2 is 

considered high at 584 cm-1 [52]. The SAED image (Fig. 2c-f) demonstrates that the MnO2 as 

polycrystalline. The circles were observed, aligned to planes (021), (103), (241), and (022), 

closely inconsistent with XRD data.  

 

 

Fig. 3: (a) Absorbance spectra and, (b) band gap energy of MnO2, Cs-doped MnO2, and Sm (2 

and 4%)/ Cs-doped MnO2. 

 

The absorption properties of pristine and Sm/Cs doped-MnO2 NSs were characterized using UV-

vis spectroscopy, as elaborated in Fig. 3a. A broad absorption peak for MnO2 was examined at 

580 nm [53]. Absorption spectra shifted towards the blue region with Cs and Sm doping as the 

absorption range expanded towards a shorter wavelength attributed to π-π* electronic transition 
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[54]. Energy gaps in the optical spectrum were calculated using the Tauc plot. After doping, the 

measured Eg of MnO2 reduced from 2.13 eV to 2.37, 2.27, and 2.19 eV, respectively (Fig. 3b) 

[55]. Increasing concentration of Sm enhanced Eg manifested to changes in surface structure 

[56]. Other researchers reported such an increasing band gap with a higher  Sm concentration 

[57–59].  

As determined by EDS, Fig. S1 depicts the chemical composition of prepared specimens. The 

significant spikes of Mn and O affirmed the existence of MnO2 NSs. The Sm peak is ascribed to 

the doping of Sm, while the sodium (Na) spike resulted in NaOH to sustain the sample's pH. The 

potassium (K) high was observed as a precursor KMnO4 used to synthesize MnO2. Au peaks in 

spectra were attributed to the coating sprayed onto the samples to decrease the charging effects.  

The topography and micro-structure of pristine and doped MnO2 were confirmed by TEM (Fig. 

4a-d). Long Burr-like morphology of undoped MnO2 revealed as shown in Fig. 4a. Incorporation 

of Cs demonstrated that long burrs combined, which led to the formation of the aggregated 

cluster as explained in Fig. 4b. Addition of Sm showed that agglomerated cluster dispersed (Fig. 

4c) and higher concentration of Sm determined the disruption of long burrs as illustrated in Fig. 

4d. 

HR-TEM photographs were adapted to determine inter-planner d-spacing, as indicated in Fig. 

S2. The d-spacing was calculated as 0.40 nm for MnO2, allot the plane as (110). Furthermore, the 

interlayer d-spacing for Cs-doped MnO2, and (2 and 4%) Sm/Cs-doped MnO2 were 0.25, 0.17, 

and 0.13 nm, respectively.  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



14 
 

 

Fig. 4: TEM images of (a) MnO2 (b) Cs-doped MnO2, and (c-d) (2 and 4%) Sm/Cs-doped MnO2. 

The reducing agent (NaBH4), oxidizing agent (RhB dye), and catalysts (Sm/Cs doped-MnO2) 

were the main components of the catalytic process. Notably, the decolorization of RhB in the 

presence of NaBH4 progressed slowly. In general, catalysts accelerate the reactions in 

ongoing research work, elaborated in Fig. S3. However, using the proper catalyst concentration 

is essential for the dye decolorization experiment. The reduction process initiates with 

transferring BH4- ions from NaBH4 to RhB molecules dissolved in an aqueous solution to the 

surface of Sm/Cs-doped MnO2. The nanocatalysts (NCs) serve as an electron relay system, 

accelerating the transfer of electrons from the donor to the acceptor and RhB decolorized into 

leucorhodamine RhB (LRhB). NSs increase the adsorption of BH4
-
 ions and dye molecules, 
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whereas an increase in the number of interacting areas promotes rapid interaction between them, 

leading to efficient dye decomposition [60]. 

The catalytic activity of undoped and (2 and 4%) Sm/Cs-doped MnO2 NSs with NaBH4 for the 

reduction of RhB was investigated using a UV-vis spectrometer (Fig. 5). The pH of the solution 

and the prepared NCs in RhB dye released at a range of pH levels, influence the degradation rate. 

All synthesized samples exhibited maximum degradation of 71.42, 71.28, 74.42, and 78% in 

acidic (pH = 2.5) and 76.42, 75.71, 74.12, and 75.57% in basic (pH = 12), 79.33, 82.44, 87.22 

and 91% in neutral (pH = 7) media. In contrast to the alkaline medium, both acidic and neutral 

environments showed the highest RhB reduction. The degradation seemed to be higher at pH=7; 

this might be owing to RhB exists in two primary forms in water, zwitter ionic (RhB±) and 

cationic (RhB+). As a consequence, in an acid or alkaline solution, both the dye and the catalyst 

exhibited electrostatic repulsion, and the catalytic efficacies of the Sm/Cs-doped MnO2 were 

lower than in a neutral environment [61]. In an acidic environment, maximum degradation 

efficiency was ascribed to the H+ ions production [62]. After incorporating Cs, catalytic 

efficiency increased in all mediums attributed to the surface area was effectively increased for 

reaction [63]. In all media, the integration of 4% Sm had the highest degradation rate as 

it increased oxygen storage capacity  [64]. 
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Fig. 5 Catalytic activity of MnO2, Cs-doped MnO2, and Sm (2 and 4 wt. %)/Cs-doped 

MnO2  NSs in (a) acidic (b) alkaline, and (c) neutral media. 

 

Table 1 Microbicidal efficacy of MnO2 and Sm/Cs doped-MnO2 NSs 

Samples Inhibition areas (mm)  

 500 μg/50 μL 1000 μg/50 μL 

MnO2 1.05 1.95 

2% Cs- MnO2 1.35 2.15 
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2% Sm 1.65 2.55 

4% Sm 2.25 2.85 

Positive standard 4.95 4.95 

Negative standard 0 0 

 

Well-diffusion method was employed to evaluate the bactericidal efficacy of pristine and Sm/CS 

doped-MnO2, through the measurement of inhibition zones againt E. coli, as depicted in Table 1. 

E. coli inhibition zones were from 1.05–2.25 mm and 1.95–2.85 mm for low and high dosage 

concentrations, respectively. The inhibition zones were compared to ciprofloxacin (positive 

control), with an inhibition diameter of 4.95 mm, and DI water (negative control) with 0 mm 

zone. Pure MnO2 was less effective against E. coli than Sm/Cs-doped MnO2. The increase in 

bactericidal potential was observed after the integration of Cs ascribed to the enormous surface 

area of CS [63]. The antibacterial activity of MnO2 NSs doped with Sm3+ was higher 

than undoped MnO2, owing to the presence of oxygen vacancies [65]. 

Bactericidal action is associated with decreased cell membrane integrity, the formation of free 

radicals, and the generation of ROS (O2-, HO2, OH, and H2O2) [66,67]. Electron-donating 

properties of metal oxide produce ROS. Owing to the nanoscale-sized porous membrane of a 

microbial, nanomaterial with a strong charge and size can damage the membrane. These 

nanoparticles cause DNA and protein damage, disrupting cell function and eventually destroying 

cell performance (Fig. S4) [68]. 

Numerous studies have examined the bactericidal potential of nanoparticles containing metal 

ions [69–71]. The potential of nanoparticles for interaction with microorganisms through 
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electrostatic, van der Waals, or hydrophobic properties is crucial to their microbicidal activity 

[72]. Enzymes from several metabolic processes required by microbial cells have been identified 

as significant candidates for antimicrobials development. Here we assess the inhibitory potential 

of Cs-doped MnO2 and Cs/Sm-doped MnO2 against E. coli DNA gyrase and FabB, enzymes 

from nucleic acid and fatty acid biosynthetic pathway. 

Cs-doped MnO2 has the most favorably docked shape in the functional domain of DNA Gyrase 

BE. coli, exhibiting an H-bond interaction with K103, L115, and G117 with a docking score of 

3.05. Conversely, Cs/Sm doped MnO2 (binding score 5.39) formed an H-bond with K103, as 

seen in Fig. 6b. 

 

Fig. 6 (a). Nanocomposites-DNA gyraseE.coli docked complexes (superimposed), (b). Cs-doped 

MnO2-DNA gyraseE.coli complex, (c). Cs/Sm doped MnO2-DNA gyraseE.coli complex 

The binding potential of these nanorods against FabBE. coli was also shown. It was demonstrated 

that Cs-doped MnO2 forms H-bonded interactions with T300, T302, V304, and G305, with a 

cumulative binding score of 1.97. For Cs/Sm doped, MnO2 docked within the active pocket of 
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FabBE. Coli, the best binding score was 4.67, indicating a similar trend. As shown in Fig. 7b, 

amino acid residues such as T300 and T302 were implicated in H-bond interactions. 

 

Fig. 7 (a). Nanocomposites FabBE.coli docked complexes (superimposed), (b). Cs-doped MnO2- 

FabBE.coli complex, (c). Cs/Sm doped MnO2-FabB E.coli complex 

4. CONCLUSION  

In this research, dopant-free and Sm/Cs doped-MnO2 NSs were produced successfully to 

improve catalytic and bactericidal activity. Among all prepared samples, Sm/Cs doped-

MnO2 with 4% concentration exhibited effective antimicrobial and catalytic activity at 2.85 and 

91%, respectively. FTIR revealed a significant band at 584 cm-1 for MnO2 NSs. Burr-like 

morphology of MnO2 NSs was observed, and the optical properties and band gap (2.13, 2.37, 

2.27, and 2.17 eV) were calculated through a UV-vis spectrophotometer. In conclusion, Sm/Cs 

doped-MnO2 NSs were expressed to be effective against infections and catalytic dye 
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decomposition while also being inexpensive and ecologically benign. Cs/Sm doped MnO2 was 

proposed as a potential blocker of FabB and DNA gyrase enzymes in vitro experiments. 
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Abstract 

The co-precipitation technique was adapted to synthesize different concentrations (2 and 4 %) of 

samarium (Sm) doped constant equates of carbon spheres (Cs) and manganese oxide (MnO2). 

The principal objective of this investigation is to demonstrate confirmation that Sm/Cs-doped 

MnO2 nanostructures (NSs) owned antibacterial and catalytic attributes. Reduction in surface 

area manifested to agglomeration, NSs faces become inaccessible to initiate a reaction, can be 

overcome upon doping of Sm. Sm has the potential to increase the activity of metal oxide 

ascribed to its electron trapping effect. The structural morphologies, optical properties, functional 

groups, elemental composition, and d-spacing were determined by applying various 

characterizations. With the incorporation of CS and Sm, UV-vis spectra shifted towards lower 

wavelength and band gap energy (Eg) was reduced. MnO2 possessed orthorhombic structure, 

according to the XRD pattern and TEM exhibited long Burr-like morphology of undoped MnO2. 

SAED image illustrated that MnO2 is polycrystalline. 4% Sm/CS doped MnO2 revealed the 

highest degradation (91%) in a neutral environment. Furthermore, 4% Sm/Cs doped-MnO2 

revealed an inhibitory zone of 2.85 mm against Escherichia coli (E. coli). Additionally, an 

analysis of molecular docking revealed a binding interface with NRs and the functional domains 
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of certain cellular proteins. Results indicated that Cs-doped MnO2 and Cs/Sm-doped MnO2 NRs 

are the most potent DNA gyrase and FabB enzyme inhibitors. 

 

Keywords: Catalyst, bactericidal, samarium/carbon, molecular docking 

 

INTRODUCTION   

In the time of scientific innovation and industrial development, the environment is mainly the 

victim of industrial by-products. Water pollution is a major environmental problem that gets 

worse over time. Organic wastes, likely dyes, are the utmost dischargeable impurities in water, 

which threaten lives. It may cause severe damage to the kidney, liver, and central nervous system 

(CNS).  Dyes, including Rhodamine B (RhB), methyl orange (MO), methylene blue, and congo 

red, are toxic, with mutagenic and carcinogenic effects on humans and ecosystems [1]. Mastitis 

incurs significant financial implications for the dairy industry. It's attributed to abnormalities in 

milk's microbiome, chemistry, physical alterations, and structural modifications to the mammary 

glandular pad. Pathogens, including E. coli and Staphylococcus aureus (S. aureus), can evolve 

from various sources like the host, atmosphere, season, and typical pathogen [2,3]. The parasitic 

microbes reproduce rapidly, eradicating indigenous aquatic species and harming the ecosystem 

by lowering dissolved oxygen levels [4,5]. Several techniques, such as adsorption, catalysis, 

advanced oxidation process [6], ozonation [7], irradiation, and photocatalysis [8,9], can be used 

for wastewater treatment. Several theories have been proposed on the mechanisms behind the 

influence of metallic nanoparticles (MNPs) on microbial enzymes. These theories include the 

disruption of microbial enzymes caused by metal ion liberation, changes in membrane integrity 

resulting in penetration into the bacterial cytoplasm, accumulation within the periplasmic space, 
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and direct influence by reactive oxygen species (ROS) produced as a result of MNP exposure 

[10]. Catalysis is a cost-effective, environment-friendly, and energy-efficient process [11].  

In the last few years, semiconductor nanomaterials (NMs) have aroused considerable interest in 

environmental development for researchers. Two-dimensional (2D) materials, including MoS2, 

BN, GO, MnO2, and WS2, are currently being employed to improve water purification [12–14]. 

MnO2 is naturally abundant, low toxic, and cheaper [15]. MnO2 is one of the most attractive 

inorganic materials owing to its structural and physical characteristics, broad implementations in 

energy storage, catalysis [15], antimicrobial activity, ion exchange, biosensors, and molecular 

sieves [16]. However, MnO2 has a wider bandgap, which limits its ability to absorb visible light. 

Consequently, several strives have been to improve MnO2's antibacterial capacity and dye 

degradation effectiveness[17]. Dang's group synthesized MnO2-coated diatomite composite via a 

wet-chemical technique to evaluate the degradation rate of MO and MB [18]. Fathy et al. 

employed a co-precipitation methodology to prepare MnO2/MWCNT nanocomposite catalyst 

and assessed the oxidative decolorization of RB19 dye [19]. To improve the dye degradation, 

other publications on metal oxides doped with RE metal ions are also published as Eu-doped 

ZnO [20], Gd-doped TiO2 [21], Gd-doped ZnO [22], and Sm-doped ZnO [23]. This study 

focuses on Sm doping in MnO2 for better Catalytic activity. Sm ions (Sm2+ and Sm3+) can 

potentially upgrade metal oxide activities ascribed to trapping electrons [24]. Carbon spheres are 

a significant candidate for a novel form of catalytic support because of their abundance of 

surface functional groups, including carboxylic, hydroxyl, and carbonyl groups. For example, 

carbon spheres have been employed as a support for the immobilizing of metal oxides, metal 

sulphides and metals [25]. Modification in MnO2 optical and catalytic properties with rare earth 

metal and Carbonaceous spheres has been excepted as an promising methodology for better 
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waste water remediation against  RhB, , to the best of our comprehension , no publication has 

been reported on this.  

In this study, reference samples and Sm/Cs doped-MnO2 NSs have been prepared by co-

precipitation approach. Antimicrobial action against E. coli and dye removal from water were 

studied using synthesized samples. The detailed analysis of the ternary system was observed by a 

variety of characterizations 

2 EXPERIMENTAL SECTIONS  

2.1 Materials 

Manganese (II) sulfate monohydrate (MnSO4.H2O, 99%, Panreac), Potassium per-manganate 

(KMnO4, 99.5%, AnalaR), Sodium hydroxide (NaOH, 98%) had received from Sigma-Aldrich. 

Samarium (III) nitrate hexa-hydrate (Sm (NO3)3.6H2O, 99.9%, Alfa-Aesar) were used as 

purchased.  

2.2 Synthesis of Cs  

The hydrothermal carbonization method was utilized to prepare Cs. A 1 M glucose solution was 

prepared at continual stirring to attain the desired transparent and straightforward solution. The 

aqueous solution was autoclaved at 180 ˚C for 12 h. Cs were recovered by washing the 

accompanied precipitates with DI water and drying them overnight at  100 ˚C, as shown in Fig. 

1a. 

2.3 Synthesis of MnO2 and Sm/Cs doped-MnO2 

Co-precipitation was employed to synthesize MnO2 NSs using 0.5 M of MnSO4.H2O and 

KMnO4, stirred vigorously at 80 ˚C. The pH remained steady at 12 with a dropwise inclusion of 
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1 M NaOH. The precipitates were washed out by centrifugation twice (7 min at 7000 rpm) under 

continuous stirring, heated overnight at 150 ˚C, and crushed to obtain MnO2 fine powder. 

Similarly, the procedure mentioned above was followed to synthesize distinct concentrations (2 

and 4%) of Sm-doped fixed amounts of Cs into MnO2, as portrayed in Fig. 1b. 

2.4 Catalysis 

The CA of pristine and Sm/Cs doped-MnO2 was performed using 400 L of Sodium borohydride 

(NaBH4) as the reductant and 3 mL of newly prepared MB solution as the oxidant. 

Consequently, 400 mL of synthesized samples were added to the above solution. Decolorization 

of RhB into LRhB was observed at predictable spans. The degradation rate was studied by UV-

vis spectrophotometer, and the %age of dye degradation was assessed as follows [26]: 

% Degradation =  
𝐶0− 𝐶𝑡

𝐶𝑜
 × 100 ------------------- (1) 

2.5 Segregation and Identification of MDR E. coli 

2.5.1 Specimens Assortment 

Raw milk samples from selected dairy cattle were collected by direct milking into disinfected 

glassware marketed at various veterinary hospitals, markets, and farms in Punjab, Pakistan. Plain 

milk was transferred to the laboratory promptly after being retrieved at 4 ˚C. The coliforms in 

raw milk were enumerated on MacConkey agar. Plates were incubated for 48 h at 37 ˚C. 

2.5.2 Recognition and Differentiation of Bacteria 

Gram staining and various biochemical procedures were executed to validate the initial 

recognition of E. coli based on the colony shape seen, as described in Bergey's Manual of 

Determinative Bacteriology [27]. 
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2.5.3 Antibiotic susceptibility  

Disk diffusion was used by Bauer et al. [28] over Mueller Hinton agar to test antibiotic 

susceptibility (MHA). Antibiotic resistance of E. coli was determined by performing a test on the 

subsequent antibiotics (classes); Tetracycline (Te) 30 µg (Tetracyclines), Amoxycillin (A) 30 μg 

(Penicillins), Ciprofloxacin (Cip) 5 µg (Quinolones), Gentamicin (Gm) 10 µg 

(Aminoglycosides), Azithromycin (Azm) 15 µg (Macrolides), Ceftriaxone (Cro) 30 µg 

(Cephalosporins) and Imipenem (Imi) 10 µg (Carbapenem),  [29]. The turbidity of E. coli 

decontaminated colonies was set to 0.5 MacFarland. In addition, the contaminated plates were 

spread-plated over Muller Hinton Agar (MHA) to avoid the antibiotic plates from overlaying 

their inhibitory domains. After 24 hours of incubation at 37°C, the findings were interpreted in 

accordance with the criteria established by the Clinical and Laboratory Standard Institute [30]. 

Bacteria that showed resistance to at least three different antibiotics were classified as multidrug-

resistant [31].  

2.5.4 Antibacterial Evaluation 

Using agar well diffusion technology, in vitro bactericidal action of pristine and Sm/Cs doped-

MnO2 was assessed by MDR E. coli reflective strains collected from mastitis milk. The 0.5 

McFarland norm of MDR E. coli was swabbed onto Macconkey agar dishes. A septic cork borer 

was adopted to construct 6 mm diameter holes in agar. Developed materials were employed at 

both mild (0.5 mg/50 µl) and higher (1.0 mg/50 µl) concentrations. We accordingly employed 

dilutions of ciprofloxacin (0.005 mg/50 µl) and DI water (50 µl) as positive and negative 

standards [32]. 

2.5.5 Statistical analysis  
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Inhibition region widths (in mm) were used to determine antibacterial efficacy, and single-way 

variance analysis (ANOVA) employing SPSS 20 was implemented for the statistical evaluation 

[33]. 

2.7 Molecular Docking Analysis 

 Molecular binding investigation of Cs-doped MnO2 and Cs/Sm-doped MnO2 was studied. This 

was done by focusing on integral proteins for microbial progression and maintenance. Binding 

analysis was subjected to several protein targets from different biosynthetic processes, including 

DNA gyraseE. coli and -ketoacyl- [acyl carrier protein] synthase I. (FabB) BE. coli. DNA gyrase is 

critical in producing genetic material and folic acid, essential for microbial resilience. FabB 

catalyzes critical stages in bacterial cells' fatty acid biosynthesis pathway [34–36]. Crystal 

structures of E. coli target proteins were obtained using a protein data library (Fig. S5). Protein 

Data Bank was examined for structures of DNA gyrase BE. coli (PDB ID: 4PRV), resolution:1.45 

[37], and -ketoacyl- [acyl carrier protein] synthase I (FabB) BE. coli (PDB ID: 1FJ4),) 

resolution:2.35 [38]. The binding analysis was performed with SYBYL-X 2.0 software suite 

[39]. SYBYL-X 2.0 was utilized to create 3D frameworks of compounds and assess the binding 

capacities of nanorods with the active domain motifs of chosen proteins, the same as it had been 

employed in our prior studies [40,41]. 

3 RESULTS AND DISCUSSION 

Cs were synthesized using hydrothermal carbonization, illustrated in Fig. 1a. Various Sm 

concentrations (2 and 4 wt.%) were doped into Cs/MnO2 via the co-precipitation route, as shown 

in Fig. 1b.  
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Fig. 1: (a) Schematic synthesis of Cs and (b) integration of Sm/Cs-doped MnO2. 

Fig. 2a illustrates the structural properties and phase purity of   MnO2 and Sm/Cs-doped MnO2 

NSs employing XRD patterns. Bragg Peaks sited at 21.70° (110), 36.95° (021), 44.42° (220), 

49.32° (230), 55.36° (221), 66.05° (241), and 79.09° (022) confirmed the orthorhombic structure 

of MnO2 by (JCPDF 01-073-1539/00-039-0375). Moreover, peaks at 28.05° (212) and 32.27° 

(103) attributed to Mn2O3 and Mn2O4, respectively advocated by (01-073-1826/00-024-0734). 

Upon doping of Cs, peaks broadening were noticed, attributed to their small crystal size. Peak 

broadening is also associated with amorphous carbon and low-degree graphitization [42]. The 

intensity of peaks decreased and broadened upon the incorporation of 2% Sm into MnO2 as it 
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inhibits the growth of the MnO2 lattice, in line with earlier reports [43]. However, the higher 

doping of Sm increased the peak intensity, which implies that Sm integration may be 

advantageous to the growth of preferential orientation [44]. Using the Debye-Scherer formula 

calculated the grain (crystallite) size of prepared samples as mentioned below [45]: 

G.S = 
𝑘𝜆

𝛽𝐶𝑜𝑠𝜃
 

The grain size of MnO2, Cs doped-MnO2, and (2 and 4 wt.%)Sm/Cs doped-MnO2 was measured 

as 14.60, 12.67, 9.89, and 12.92 nm respectively.  

The specimens’ surface area was computed using the following equation [46]: 

Surface area = 
6000

𝐺.𝑆 × 𝜌𝑥 
 

The surface area of MnO2, Cs doped-MnO2, and (2 and 4 wt. %)Sm/Cs doped-MnO2 is 96, 97, 

156.43, and 119.38 m2/g.  

As crystallite size increases, surface characteristics such as specific surface area and surface-to-

volume ratio decrease [47]. In smaller grains, deformation occurs due to changes in the surface 

state of the boundary [48] which is why surface area increases and vice versa. 

The following relationship was used to compute the percentage crystallinity of as-synthesized 

specimens [49]: 

% Crystallinity = 
𝐴𝑟𝑒𝑎 𝑢𝑛𝑑𝑒𝑟 𝑡ℎ𝑒 𝑐𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑒 𝑝𝑒𝑎𝑘

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑎𝑙𝑙 𝑝𝑒𝑎𝑘𝑠
 

The pristine MnO2, Cs doped-MnO2, and (2 and 4%)Sm/Cs doped-MnO2 had a calculated 

crystallinity of 55.63, 30.34, 29.89, and 51.44% respectively. 
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Furthermore, the following formula was used to calculate the percentage porosity [49]: 

% porosity = [1 - 
𝜌𝑏

𝜌𝑥
] × 100 

𝜌b and 𝜌x are bulk density and density of x-ray respectively. 

The percentage porosity of bare MnO2,  Cs doped-MnO2 is 16%, and 45% respectively, and upon 

doping of Sm, the porosity becomes 64%. 

 



11 
 

 

Fig. 2: (a) XRD analysis, (b) FTIR spectra, and (c–f) SAED graphs of MnO2, Cs-doped MnO2, 

and Sm (2 and 4 wt.%)/ Cs-doped MnO2. 

FTIR spectroscopy was used to examine the existence and nature of functional groups, MnO2, 

and their chemical functionalities. Fig. 2b depicts the FTIR spectra of bare and Sm/Cs-doped 
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MnO2 NSs in the 4000-500 cm-1 region. The transmittance range at 1640 cm-1 corresponded to 

the extending oscillations of the adsorbed water molecule, and the stretching vibration of the 

hydroxyl group was observed in the band at 3300 to 3500 cm-1 [50,51]. Pristine MnO2 is 

considered high at 584 cm-1 [52]. The SAED image (Fig. 2c-f) demonstrates that the MnO2 as 

polycrystalline. The circles were observed, aligned to planes (021), (103), (241), and (022), 

closely inconsistent with XRD data.  

 

 

Fig. 3: (a) Absorbance spectra and, (b) band gap energy of MnO2, Cs-doped MnO2, and Sm (2 

and 4%)/ Cs-doped MnO2. 

 

The absorption properties of pristine and Sm/Cs doped-MnO2 NSs were characterized using UV-

vis spectroscopy, as elaborated in Fig. 3a. A broad absorption peak for MnO2 was examined at 

580 nm [53]. Absorption spectra shifted towards the blue region with Cs and Sm doping as the 

absorption range expanded towards a shorter wavelength attributed to π-π* electronic transition 
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[54]. Energy gaps in the optical spectrum were calculated using the Tauc plot. After doping, the 

measured Eg of MnO2 reduced from 2.13 eV to 2.37, 2.27, and 2.19 eV, respectively (Fig. 3b) 

[55]. Increasing concentration of Sm enhanced Eg manifested to changes in surface structure 

[56]. Other researchers reported such an increasing band gap with a higher  Sm concentration 

[57–59].  

As determined by EDS, Fig. S1 depicts the chemical composition of prepared specimens. The 

significant spikes of Mn and O affirmed the existence of MnO2 NSs. The Sm peak is ascribed to 

the doping of Sm, while the sodium (Na) spike resulted in NaOH to sustain the sample's pH. The 

potassium (K) high was observed as a precursor KMnO4 used to synthesize MnO2. Au peaks in 

spectra were attributed to the coating sprayed onto the samples to decrease the charging effects.  

The topography and micro-structure of pristine and doped MnO2 were confirmed by TEM (Fig. 

4a-d). Long Burr-like morphology of undoped MnO2 revealed as shown in Fig. 4a. Incorporation 

of Cs demonstrated that long burrs combined, which led to the formation of the aggregated 

cluster as explained in Fig. 4b. Addition of Sm showed that agglomerated cluster dispersed (Fig. 

4c) and higher concentration of Sm determined the disruption of long burrs as illustrated in Fig. 

4d. 

HR-TEM photographs were adapted to determine inter-planner d-spacing, as indicated in Fig. 

S2. The d-spacing was calculated as 0.40 nm for MnO2, allot the plane as (110). Furthermore, the 

interlayer d-spacing for Cs-doped MnO2, and (2 and 4%) Sm/Cs-doped MnO2 were 0.25, 0.17, 

and 0.13 nm, respectively.  
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Fig. 4: TEM images of (a) MnO2 (b) Cs-doped MnO2, and (c-d) (2 and 4%) Sm/Cs-doped MnO2. 

The reducing agent (NaBH4), oxidizing agent (RhB dye), and catalysts (Sm/Cs doped-MnO2) 

were the main components of the catalytic process. Notably, the decolorization of RhB in the 

presence of NaBH4 progressed slowly. In general, catalysts accelerate the reactions in 

ongoing research work, elaborated in Fig. S3. However, using the proper catalyst concentration 

is essential for the dye decolorization experiment. The reduction process initiates with 

transferring BH4- ions from NaBH4 to RhB molecules dissolved in an aqueous solution to the 

surface of Sm/Cs-doped MnO2. The nanocatalysts (NCs) serve as an electron relay system, 

accelerating the transfer of electrons from the donor to the acceptor and RhB decolorized into 

leucorhodamine RhB (LRhB). NSs increase the adsorption of BH4
-
 ions and dye molecules, 
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whereas an increase in the number of interacting areas promotes rapid interaction between them, 

leading to efficient dye decomposition [60]. 

The catalytic activity of undoped and (2 and 4%) Sm/Cs-doped MnO2 NSs with NaBH4 for the 

reduction of RhB was investigated using a UV-vis spectrometer (Fig. 5). The pH of the solution 

and the prepared NCs in RhB dye released at a range of pH levels, influence the degradation rate. 

All synthesized samples exhibited maximum degradation of 71.42, 71.28, 74.42, and 78% in 

acidic (pH = 2.5) and 76.42, 75.71, 74.12, and 75.57% in basic (pH = 12), 79.33, 82.44, 87.22 

and 91% in neutral (pH = 7) media. In contrast to the alkaline medium, both acidic and neutral 

environments showed the highest RhB reduction. The degradation seemed to be higher at pH=7; 

this might be owing to RhB exists in two primary forms in water, zwitter ionic (RhB±) and 

cationic (RhB+). As a consequence, in an acid or alkaline solution, both the dye and the catalyst 

exhibited electrostatic repulsion, and the catalytic efficacies of the Sm/Cs-doped MnO2 were 

lower than in a neutral environment [61]. In an acidic environment, maximum degradation 

efficiency was ascribed to the H+ ions production [62]. After incorporating Cs, catalytic 

efficiency increased in all mediums attributed to the surface area was effectively increased for 

reaction [63]. In all media, the integration of 4% Sm had the highest degradation rate as 

it increased oxygen storage capacity  [64]. 
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Fig. 5 Catalytic activity of MnO2, Cs-doped MnO2, and Sm (2 and 4 wt. %)/Cs-doped 

MnO2  NSs in (a) acidic (b) alkaline, and (c) neutral media. 

 

Table 1 Microbicidal efficacy of MnO2 and Sm/Cs doped-MnO2 NSs 

Samples Inhibition areas (mm)  

 500 μg/50 μL 1000 μg/50 μL 

MnO2 1.05 1.95 

2% Cs- MnO2 1.35 2.15 
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2% Sm 1.65 2.55 

4% Sm 2.25 2.85 

Positive standard 4.95 4.95 

Negative standard 0 0 

 

Well-diffusion method was employed to evaluate the bactericidal efficacy of pristine and Sm/CS 

doped-MnO2, through the measurement of inhibition zones againt E. coli, as depicted in Table 1. 

E. coli inhibition zones were from 1.05–2.25 mm and 1.95–2.85 mm for low and high dosage 

concentrations, respectively. The inhibition zones were compared to ciprofloxacin (positive 

control), with an inhibition diameter of 4.95 mm, and DI water (negative control) with 0 mm 

zone. Pure MnO2 was less effective against E. coli than Sm/Cs-doped MnO2. The increase in 

bactericidal potential was observed after the integration of Cs ascribed to the enormous surface 

area of CS [63]. The antibacterial activity of MnO2 NSs doped with Sm3+ was higher 

than undoped MnO2, owing to the presence of oxygen vacancies [65]. 

Bactericidal action is associated with decreased cell membrane integrity, the formation of free 

radicals, and the generation of ROS (O2-, HO2, OH, and H2O2) [66,67]. Electron-donating 

properties of metal oxide produce ROS. Owing to the nanoscale-sized porous membrane of a 

microbial, nanomaterial with a strong charge and size can damage the membrane. These 

nanoparticles cause DNA and protein damage, disrupting cell function and eventually destroying 

cell performance (Fig. S4) [68]. 

Numerous studies have examined the bactericidal potential of nanoparticles containing metal 

ions [69–71]. The potential of nanoparticles for interaction with microorganisms through 
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electrostatic, van der Waals, or hydrophobic properties is crucial to their microbicidal activity 

[72]. Enzymes from several metabolic processes required by microbial cells have been identified 

as significant candidates for antimicrobials development. Here we assess the inhibitory potential 

of Cs-doped MnO2 and Cs/Sm-doped MnO2 against E. coli DNA gyrase and FabB, enzymes 

from nucleic acid and fatty acid biosynthetic pathway. 

Cs-doped MnO2 has the most favorably docked shape in the functional domain of DNA Gyrase 

BE. coli, exhibiting an H-bond interaction with K103, L115, and G117 with a docking score of 

3.05. Conversely, Cs/Sm doped MnO2 (binding score 5.39) formed an H-bond with K103, as 

seen in Fig. 6b. 

 

Fig. 6 (a). Nanocomposites-DNA gyraseE.coli docked complexes (superimposed), (b). Cs-doped 

MnO2-DNA gyraseE.coli complex, (c). Cs/Sm doped MnO2-DNA gyraseE.coli complex 

The binding potential of these nanorods against FabBE. coli was also shown. It was demonstrated 

that Cs-doped MnO2 forms H-bonded interactions with T300, T302, V304, and G305, with a 

cumulative binding score of 1.97. For Cs/Sm doped, MnO2 docked within the active pocket of 
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FabBE. Coli, the best binding score was 4.67, indicating a similar trend. As shown in Fig. 7b, 

amino acid residues such as T300 and T302 were implicated in H-bond interactions. 

 

Fig. 7 (a). Nanocomposites FabBE.coli docked complexes (superimposed), (b). Cs-doped MnO2- 

FabBE.coli complex, (c). Cs/Sm doped MnO2-FabB E.coli complex 

4. CONCLUSION  

In this research, dopant-free and Sm/Cs doped-MnO2 NSs were produced successfully to 

improve catalytic and bactericidal activity. Among all prepared samples, Sm/Cs doped-

MnO2 with 4% concentration exhibited effective antimicrobial and catalytic activity at 2.85 and 

91%, respectively. FTIR revealed a significant band at 584 cm-1 for MnO2 NSs. Burr-like 

morphology of MnO2 NSs was observed, and the optical properties and band gap (2.13, 2.37, 

2.27, and 2.17 eV) were calculated through a UV-vis spectrophotometer. In conclusion, Sm/Cs 

doped-MnO2 NSs were expressed to be effective against infections and catalytic dye 
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decomposition while also being inexpensive and ecologically benign. Cs/Sm doped MnO2 was 

proposed as a potential blocker of FabB and DNA gyrase enzymes in vitro experiments. 
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