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ABSTRACT 

The current study reports a novel synthesis of bismuth oxybromide (BiOBr) quantum dots (QDs) 

doped with different concentrations (3 and 6 wt. %) of silver (Ag) and a fixed amount of 

polyvinylpyrrolidone (PVP). This research investigated the catalytic and antibacterial activity 

with evidential molecular docking analysis of Ag/PVP doped BiOBr QDs. The Ag and capping 

agent (PVP) were added to BiOBr as they regulate the growth of QDs and prevent their 

agglomeration that caused to increase in the catalytic and antibacterial activity. These binary 

dopants-based BiOBr QDs can be an ideal catalyst for disintegrating methylene blue dye and a 

potential inhibitor against the multiple drug resistance (MDR) Escherichia coli (E. coli) 

pathogen. Notably, 6% Ag/PVP doped BiOBr showed a significant catalytic reduction of 

methylene blue (MB) in a basic medium (pH~12) compared to other environments. The results 

of the molecular docking investigation suggested that Ag/PVP-doped BiOBr QDs might be 

https://scholar.google.com/citations?view_op=view_citation&hl=en&user=GqlukJ8AAAAJ&sortby=pubdate&citation_for_view=GqlukJ8AAAAJ:rCNdntzdTkkC
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inhibitors of FabH and deoxyribonucleic acid (DNA) gyrase from E. coli, which was consistent 

with their In vitro antimicrobial activity.  

 

Keywords: Quantum dot; antibacterial activity; catalytic activity; BiOBr 

1. INTRODUCTION 

Water is an integral component of life and is significant in industry and the planet's productivity. 

The dangerous contaminants (heavy toxic metals and pigments) threatened by aquatic life are 

excreted into the water due to growing human pursuits and rapid industrial growth  [1,2]. 

According to estimates, 7×10
5
 tons of dyes are generated annually worldwide, and at least 25% 

are currently released into water bodies. Some organic dyes can cause skin problems and 

carcinogenesis, leading to cancer and other disorders [3]. According to the spatial arrangement 

of ionic charges, dye molecules are often categorized as anionic, cationic, or non-ionic. Cationic 

dyes exhibit more cytotoxic effects than anionic dyes [4]. Methylene blue (MB), a cationic dye 

with a heterocyclic aromatic structure, was used as a staining agent in the body tissue and 

different industries, including paper, hair, and cotton. Medical professionals also employ 

methylene blue to treat cyanide poisoning [5]. Despite its more comprehensive applications, this 

dye causes many risks to living things. Methylene blue causes nausea, vomiting, diarrhea, 

gastritis, excessive perspiration, eye burns, respiratory problems, increased heart rate, chest pain, 

jaundice, headache, cyanosis, and tissue necrosis [6]. Several removal techniques have addressed 

this environmental concern that can successfully degrade such toxic chemicals from the aqueous 

medium. Adsorption [7], chemical reduction [8], membrane filtration [9], photo-oxidation [10], 

ion-exchange removal [11], catalytic ozonation [12], biological (aerobic/ anaerobic) therapies 

[13], and catalytic activity [14] are some of the removal techniques. Among these, photocatalysis 

and catalysis are considered advantageous for the environment, economically feasible and 



 3 

exceptionally effective in completely oxidizing and mineralizing dangerous organic material 

[15,16]. Cow mastitis is a bacterial infection or physical stress-related inflammation of the 

glandular mucosa of the mammary gland. It is said to be the most common illness that costs 

maximum since the amount and quality of milk have decreased [17]. Several risk factors, 

including host, environment, and pathogens like E. coli, are thought to impact the incidence of 

bovine mastitis [16] substantially. Antibacterial effects of metal nanoparticles have been seen 

because of their tiny size and large surface-to-volume ratio, which enables them to bind 

intimately with bacterial membranes [18]. Nanomaterials (NMs) have excellent adsorption 

capacity, reactivity, and solid catalytic activity, which may be due to their compact size and 

highly specified surface area. NMs of wide varieties have been utilized to successfully remove 

organic wastes, including heavy metal ions, inorganic anions, and numerous types of bacteria 

[19,20]. Bi-based semiconductors, including Bi2O3, Bi2S3, Bi2WO6, and BiOX (X = Cl, Br, and 

I), continually get enhanced concentration due to their potential use in degradation [21,22]. 

BiOBr is preferred because of its high stability, indirect transition band gap energy (Eg), layered 

structure, and efficient pollutants degradation [23–25]. Compared to other adsorbents, BiOBr 

low adsorption capability means it can't be used in many industrial water purification processes 

[26]. According to various studies, introducing PVP increased the adsorption capability of BiOBr 

[26]. PVP's superior stability, non-toxicity, steric action, and bio-compatibility have made it an 

attractive choice as a capping agent in the production of catalysts [27]. PVP is a promising option 

for enhancing the activity of catalysts by modifying nanocrystals through chiral modification, 

charge carrier transfer enhancement, and adsorption adjustment [42]. Metal doping has gained 

widespread attention as a classic approach to nanomaterial modification due to its ease of use, 

the versatility of doping elements, and the simplicity of functionalization after modification. 
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Introducing inorganic metal nanomaterials such as Pt, Au, Ag, Zn, Co, and Ni has been a widely 

employed strategy to increase catalytic activity over the years [23,28,29]. Especially, Ag has 

received considerable attention due to its significant antibacterial and dye elimination action due 

to its large surface-to-volume ratio [30,31]. The novelty of this project is low temperature, open-

air facile synthesis of co-precipitated BiOBr QDs capped with polymer (PVP) and transition 

metal (silver). The capping of binary dopants (Ag and PVP) to BiOBr inhibit the growth, 

agglomeration and recombination rate of QDs, resulting in the enhanced catalytic reduction of 

MB and antibacterial activity. 

The current research adopted the co-precipitation technique to prepare BiOBr doped with PVP 

and (3 and 6 wt. %) Ag.  The synthesized QDs were used for the catalytic de-colorization of MB 

and antibacterial potency against E. coli.  

2   EXPERIMENTAL SECTION 

2.1   Materials  

Bi(NO3)3.5H2O (98%) was retrieved from BDH Laboratory Supplies (England). NaOH (98%), 

PVP, and silver nitrate (AgNO3 99.8%) were acquired from Sigma-Aldrich. Potassium bromide 

(KBr, 98%) was sourced from Uni-Chem. 

2.2   Synthesis of Ag/PVP-doped bismuth oxybromide 

0.7M Bi(NO3)3.5H2O (Solution 1) and 0.7M KBr (Solution 2) were dissolved under vigorous 

agitation and heated at 100 
o
C for 10 min. After strring, solution 2 was poured into solution 1 

dropwise, and the pH~12 was maintained by adding 0.7 M of precipitating agent (NaOH). The 

obtained solution was centrifuged at 7000 rpm for 8 min to achieve metal hydroxide and 
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eliminate contaminants. The washed sediments were vaporized at 150 
o
C for 12 h and crushed 

with mortar and pestle to obtain a fine powder. For doping, the fixed amount (2 wt. %)  of PVP 

with different concentrations (3 and 6 wt. %) of Ag were doped in the above mentioned solution 

of BiOBr to prepare the ternary system. 

 2.3   Catalysis 

Catalytic activity (CA) of BiOBr and (3, 6%) Ag/PVP doped BiOBr in different media was 

utilized to degrade the MB dye. The standard and loaded solutions (400μL) were added in 

aqueous MB (3 mL) to test the dye degradation by UV spectrophotometer in the range ~200-800 

nm. NaBH4 induced MB to transform into leucomethylene blue (LMB), confirming the dye 

degradation. The degradation rate (%) was calculated using degradation rate (%) = Co-Ct/ Co × 

100, where Co is the initial concentration of the MB in the solution, and Ct is the concentration 

that changes over time. 

2.3.1   Catalysis mechanism: 

The general mechanism for catalytic de-colorization of MB using a reducing agent (NaBH4) is 

faster, simpler, easier to use, and recyclable than conventional methods. The main characteristics 

of the catalysis mechanism include the incorporation of a reductant and nanocatalyst within the 

dye. During catalysis, NaBH4 acts as a reducing agent that gives an e
-
 to MB, an oxidizing agent. 

A redox reaction that results in the e
-
 transfer from NaBH4 to MB causes the synthetic dye to 

degrade. The degradation efficiency was significantly less and time-consuming only in the 

presence of a reducing agent; adding nanocatalysts increased the reaction rate [32]. The 

decreased activation energy that caused a rapid redox reaction was reduced when a catalyst (pure 

and doped materials) was included. The attachment sites on the surface of QDs facilitated the 
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adsorption of the reduction agent (NaBH4) and the substrate (MB). This adsorption is a quick and 

reversible phenomenon. QDs serve as an electron relay junction for the molecules that have been 

adsorbed and cause the reduction of MB (Fig. S1) [33].                 

2.4   Segregation and characterization of multiple drug resistant (MDR) E. coli 

Bovine lactation specimens were procured from several livestock facilities in Pakistan and first 

tested using a surf-field mastitis test. To ascertain Gram-negative (G -ve) E. coli bacteria, the 

specimens were cultivated on 5% sheep blood agar, which resulted in the development of 

colonies. MacConkey agar was used in triplicate to purify the established strains of E. coli 

further. Isolated E. coli was tested for antibiotic resistance using a disc diffusion assay on Muller 

Hinton agar (MHA), and any strain that showed resistance to three or more drugs after being 

incubated for 24 hours at 37°C was classified as multidrug-resistant (MDR). The diverse 

microbial populations were evaluated using biochemical (catalase and coagulase) and 

morphological (gram staining) methods. 

2.5   Antimicrobial Activity  

The bactericidal efficacy of pure and doped nanomaterials was evaluated by well diffusion 

technique by swabbing 0.5 MacFarland Gram-negative (G -ve) MDR E. coli pathogens on MA 

plate. Utilizing a sterilized cork borer, 6 mm diameter wells were drilled on MA plates. Different 

concentrations (500 and 1000 μg/50 μL) of Ag/PVP-BiOBr QDs were injected into each well 

under sterile conditions, and the results were compared with ciprofloxacin (5 μg/50 μL) and DI 

water (50 μL) as positive and negative standards, accordingly. The specimens' bactericidal 

property was determined following 24 hours of colonization at 37 °C by quantifying the 

inhibition area (mm) using a Vernier caliper. 
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2.7 Molecular docking analysis 

The enzyme-binding affinity of both PVP-doped BiOBr and Ag/PVP-doped BiOBr QDs was 

studied. Owing to the better antibacterial properties of synthesized QDs against E. coli, we 

discovered and investigated the FabH and DNA gyrase from E. coli and their binding affinity 

within their dynamic pocket. The three-dimensional structures of chosen enzyme substrates were 

downloaded from the protein information database using the identification numbers 4Z8D 

(resolution: 2.0 Å) [34] and 6KZX (resolution: 2.1Å) [35] for FabHE. coli and DNA gyraseE. coli, 

correspondingly. To perform the docking analysis, SYBYL-X 2.0 was adopted. Parallel to our 

previous research, we exploited SYBYL-X 2.0 to build three-dimensional frameworks of 

molecules and scrutinize QDs' binding interactions with the residues at specific interaction sites 

in specific proteins[36–38]. 

3   RESULTS AND DISCUSSION 

Synthesis of BiOBr and (3, 6%) Ag/PVP-doped BiOBr QDs through the co-precipitation process 

( Fig. 1). 
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Fig. 1: Schematic illustration to synthesize BiOBr and Ag/PVP-doped BiOBr QDs by co-

precipitation method 

The structural properties of BiOBr and Ag/PVP doped QDs were analyzed by XRD, 2ϴ ranging from 

20 to 60 as presented in Fig. 2(a). Diffraction peaks sited at 25.48° (101), 29.21° (116), 31.73° 

(102), 44.88° (004), 46.46° (113), 51.52° (202), 56.16° (114) and 58.47° (203) revealed the 

tetragonal phase of BiOBr (JCPDS: 01-085-0862/96-201-6341) [39]. The addition of PVP 

showed that intensity of the peaks was reduced, which was assigned to enlargement in structural 

instability of BiOBr [40]. The incorporation of Ag into a binary system (PVP-BiOBr), a slight 

shifting of peaks toward a lower angle was observed, attributed to an increase in the d-spacing 

value. The crystallite size of BiOBr QDs was reduced 9.18-8.99 nm by adding PVP. Upon metal 
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doping (Ag) into binary system (PVP-BiOBr), the crystallite size was enhanced (8.99-9.02 nm). 

As crystallite size of BiOBr decreased gradually upon doping, the surface area increased, 

improving the catalytic reduction of MB. To ascertain the functional group composition and 

vibrational modes present in the BiOBr was confirmed by FTIR (Fig. 2b) [41]. The transmittance 

bands found at 3500 and 1630 cm
-1

 were attributed to O-H stretching and bending vibrations of 

adsorbed water, respectively [42,43]. The band appeared at 519 cm
-1

, assigned to Bi-O stretching 

vibration [44–46]. The tensile displacement of the C-N heterocyclic band in PVP is attributed 

to the 1360 cm
-1

 band in the PVP-BiOBr transmission spectrum [47]. No additional band and 

prominent shift was observed in FTIR spectra after the incorporation of Ag. Furthermore, SAED 

pattern revealed bright circular rings of BiOBr and Ag/PVP-BiOBr QDs, indicating the samples 

are highly crystalline (Fig. 2c-e). As disclosed by XRD results, the crystallinity of BiOBr was 

diminished by PVP addition. 
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Fig. 2: (a) XRD pattern ,(b) FTIR spectra of BiOBr, PVP-BiOBr, 3% Ag/PVP-doped BiOBr and 

6% Ag/PVP-doped BiOBr, and (c–e) SAED images of BiOBr, PVP-BiOBr and 3% Ag/PVP-

doped BiOBr 

The optical features of the BiOBr and Ag/PVP doped BiOBr were determined by UV-Vis 

spectroscopy, wavelength range from 230 to 500 nm (Fig. 3a). The synthesized BiOBr sample 

showed a considerable absorption peak around 315 nm [48]. The absorption decreased with Ag 

and PVP doping in BiOBr, introducing a hypochromic shift, suggesting the quantum 
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confinement effect [49]. Tauc’s equation was used to measure the Eg of BiOBr, which increased 

from 3.69 to 4.12 eV upon doping of (3, 6%) Ag and PVP (Fig. 3b). This increase in Eg with 

Ag/PVP is correlated with crystallite size which decreased as mentioned above in XRD 

outcomes. 

PL spectroscopy was utilized to explore the charge transfer efficacy of BiOBr and (3 and 6 wt. 

%) Ag/PVP doped BiOBr (Fig. 3c).  The control sample (BiOBr) QDs showed a strong emission 

peak around 560 nm [50] and decrease in peak intensity for the PVP-BiOBr was noted, 

indicating that the electron-hole pair’s recombination rate effectively reduced and charge transfer 

efficiency increased. The reduced emission peak intensity was attributed to the surface trap-

induced emission because of the PVP capping [51]. Doping of Ag (3, 6 wt %) in the PVP-BiOBr 

lowers the peak intensity and enhances electron transit effectiveness by minimizing exciton 

interaction will boost the efficacy of catalytic activity. 
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Fig. 3: (a) Electronic spectra (b) Tauc plot for Eg (c) PL emissions of pure and Ag/PVP-doped 

BiOBr QDs. 

The element content confirmations of BiOBr and Ag/PVP-doped BiOBr have been determined 

using EDS (Fig. S2(a-d)). Bi, O, and Br peaks were observed, confirming that BiOBr and Ag 

peaks occurred due to doping.  Potassium (K) peak appeared in specimens ascribed to the 

precursor employed in the synthesis process. Furthermore, using NaOH to stabilize the 

specimens' pH resulted in generating a Na peak. The Au was observed in the spectra due to the 

gold (Au) coating sprinkled on the sample to reduce the influence of charging. Due to operator 

error, the Ytterbium (Yb) peak appeared in the EDS spectra of BiOBr. To ensure the attainment 

of optimal interfacial contact configurations, EDS mapping was performed on higher-doped 

BiOBr to examine the dispersion characteristics of its constituent elements (Fig. S3). The six 
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identified elements (Bi, O, Br, Ag, Na, and K) were uniformly distributed across specimen levels 

with various elemental concentrations indicated by distinctive shades. Na, Au, and K were 

already described above as the contaminant, the specimen holders, and the precursor employed 

during the synthesis. 

The structural morphology of BiOBr and Ag/PVP doped BiOBr has been confirmed by TEM 

analysis, Fig. 4(a–d).  The development of the undoped BiOBr QDs clusters can be seen in Fig. 

4(a). Upon doping of PVP, the BiOBr QDs seem to be covered by wafers of capping agent PVP 

(Fig. 4b). The addition of Ag to PVP-BiOBr showed the dispersion of spherical particle of Ag on 

the surface of binary system (Fig. 4c). Ag with higher concentration to PVP-BiOBr showed that 

Ag is attached with wafers wrapped QDs on the surface as well as at the interfaces (Fig. 4d). 

Furthermore, HRTEM were analyzed using Gatan software to calculate interlayer d-spacing 

information (Fig. S4a-b). BiOBr and 6 % Ag/PVP-doped BiOBr QDs d-spacing values were 

determined to be 0.292 and 0.293 nm, synchronized with XRD results. 
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Fig. 4: TEM images of (a) BiOBr and (b) PVP-doped BiOBr (c) 3% Ag/PVP-doped BiOBr and 

(d) 6% Ag/PVP doped BiOBr QD 

The catalytic activity of pure and (3, 6 wt. %) Ag/PVP doped BiOBr QDs were examined for the 

MB dye deterioration at different ranges of pH values (acidic, neutral, and basic media) in the 

presence of NaBH4 using a UV-Vis spectrophotometer (Fig. 5a-c). The amount to which dyes 

degrade depends strongly on the pH of fluids, and CA of prepared catalysts is pH dependent. The 

pure and doped BiOBr revealed the maximum degradation of 48.81, 67.83, 80.74 and 83.77 % in 

neutral medium (pH=7), 37.48, 51.18, 73.88 and 98.75% in acidic medium (pH=4), 30.16, 33.5, 

66.95 and 99.5% in basic medium (pH=12). Nanomaterials' crystallite size, morphology and 

surface area are highly dependent on catalytic activity. In this experiment, 6% Ag/PVP doped 

BiOBr exhibited the most significant catalytic activity throughout all media. Improvements in 

QDs' morphology contributed to this work's improved catalytic effectiveness for all mediums by 
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enhancing surface areas for reactions and surface-to-volume ratio shown by a drop in particle 

dimensions [52]. The comparison of catalytic activity of Ag/PVP doped BiOBr with literature 

has been demonstrated in Table 1. 

 

Fig. 5: Catalytic activity of pristine and Ag/PVP-doped BiOBr QDs in (a) acidic, (b) basic, and 

(c) neutral media 

Table 1. Comparison of the catalytic activity of Ag/PVP doped BiOBr 

Catalysts Synthesis 

method 

Targeted dye Degradation 

efficacy (%) 

Ref. 
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Reduced graphene- 

BiOBr 

Co-precipitation 

method 

Rhodamine B 

(RhB) 

(light) 

>95 [53] 

g-C3N4-BiOBr 

composite 

Hydrothermal  RhB  

(light) 

94  [54] 

BiOBr/Bi24O31Br10/TiO2 Hydrothermal  RhB  

(light) 

78 [55] 

Graphene oxide–BiOBr Hydrothermal RhB  

(light) 

95 [56] 

BiOBr microsphere Solvothermal  Methyl orange 50 [57] 

SnS2-BiOBr hydrothermal RhB  

(light) 

88 [58] 

BiVO4-BiOBr  

 

Sol gel RhB  

(light) 

90  [59] 

6% Ag/PVP-BiOBr Co-precipitation MB 99 Present study 

 

The bactericidal effectiveness of both un-doped and doped BiOBr was determined through a 

well-diffusion investigation, which involved evaluating the inhibition zones as a measure of 

antimicrobial activity. At both minimum and maximum dosages, there were detectable inhibition 

areas ranging from (0.95 – 3.10 mm) to (1.90 – 4.95 mm) for MDR E. coli, Table 2. The 

effectiveness against MDR E. coli improved from 46.1% to 66.8% and towards Ag/PVP-BiOBr 

QDs, from 47.8% to 68.2% at the minimum and maximum concentrations, respectively, as 

illustrated in Fig. S5(a-b). Ag/PVP doped BiOBr at 6 wt% doping showed significant 
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antibacterial action against MDR E. coli in contrast to the 7.25 mm and 0 mm inhibition radius 

of +ve and -ve controls.  

To suppress microbiological organisms, to stop cell reproduction, QDs primarily exploit three 

molecular pathways: destroying cell walls and membranes, creating reactive oxygen species 

(ROS), and anchoring genetic content (DNA/RNA). Polymers have indeed been added to QDs to 

strengthen their adhesion towards bacterial components and boost their ROS generation [60], as 

illustrated in Fig. S6. The antibacterial effectiveness is inversely related to the material's size 

[61]. Bacteria are killed when their membranes are breached by the production of reactive 

oxygen species from the breakdown of tiny particles. [62,63]. The antibacterial activity of Bi
3+

 is 

enhanced when it is distributed sufficiently inside the bacterial cells because it affects bacterial 

membrane stability and prevents the development of biofilms [63]. 

 Table 2 Antibacterial efficacy of BiOBr and Ag/PVP-doped BiOBr QDs 

  MDR E. coli 

Inhibition region 

(mm) 

  

Samples 0.5 mg/50 μL 1.0 mg/50 μL Ciprofloxacin 

+ve control 

DI water 

-ve control 

BiOBr 0.95 1.90 7.25 0 

PVP-BiOBr 1.55 2.05 7.25 0 

Ag 3% 2.60 3.35 7.25 0 

Ag 6% 3.10 4.95 7.25 0 
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Molecular docking study 

Computational methods, especially molecular docking studies, have received much attention 

over the last several decades since they allow for a comprehensive exploration of the 

mechanisms underpinning a wide range of biological activities. This research used molecular 

docking to identify enzyme inhibitors based on QDs binding and inhibitory potential. Significant 

targets for antibiotics discovery include the bacterial enzymes FabH and DNA gyrase, required 

for the survival and multiplication of bacteria [64,65]. The docking scores of both PVP-doped 

BiOBr QDs and Ag/PVP-doped BiOBr QDs were analyzed. With a binding score of 3.77, the 

best-docked conformation of PVP-doped BiOBr QDs demonstrated H-bonding interactions with 

Thr165 and Asn46 and pi-alkyl interactions with Ile78, Met95, and Asn120 for DNA gyrase 

(Fig. 6(a-b)). Whereas Ag/PVP-doped BiOBr QDs exhibited pi-alkyl interaction with Ile78 and 

Pro79 having a docking score of 7.47, H-interaction was seen with Gly72, Asp73, Gly77, and 

Thr165 (Fig. 6(c-d)). 
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Fig. 6: Binding interaction pattern within the active domain of E. coli DNA gyrase. (a) & (b) 

show the interaction pattern and a 2D view of PVP-doped BiOBr inside the FabH binding site, 

respectively. (c) & (d) demonstrated the binding mode (3D and 2D) of the Ag/PVP-doped BiOBr 

at the DNA gyrase active center. 

For FabH, an additional striking target for antibiotic discovery, PVP-doped BiOBr QDs unveiled 

a strong binding propensity with binding site residues having a binding score of 4.78, where 

PVP-doped BiOBr exhibited H-bonding with Thr81 and Leu201 and pi-alkyl interactions with 

Leu189, Leu191, and Leu205 (Fig. 7(a-b)). Although the best-docked conformation of Ag/PVP-

doped BiOBr QDs displayed H-bonding interactions with Thr81, Ser276, and Gly306, and pi-
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alkyl interactions with Leu189, Leu191, and Leu205, with a binding score of 5.24, H-bonding 

interactions were also seen with Leu189, Leu191, and Leu205 (Fig. 7(c-d)). In silico 

antibacterial activities are equivalent to in-vitro antimicrobial activities, suggesting that Ag/PVP-

doped BiOBr QDs are potential inhibitors for FabH and DNA gyrase from E. coli, requiring 

additional investigation. 

 

Fig. 7: Binding interaction pattern within the active region of E. coli FabH. (a) & (b) show the 

interaction pattern and a 2D view of PVP-doped BiOBr inside the FabH binding site, 

respectively. (c) & (d) demonstrated the binding mode (3D and 2D) of the Ag/PVP-doped BiOBr 

at the FabH active center. 
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4. CONCLUSION 

This study successfully prepared BiOBr and Ag (3 and 6 wt. %) Ag/PVP-doped BiOBr QDs 

using a low-cost co-precipitation method. XRD spectra affirmed the tetragonal structure of 

BiOBr QDs, and a decrease in crystallinity was observed upon Ag and PVP doping. TEM 

images exhibited cluster BiOBr QDs formation and reduced particle size by adding Ag and PVP. 

UV-Vis spectroscopy revealed a blue shift in the absorption spectra that caused to increase in Eg 

upon doping. The catalytic activity signified maximum degradation of MB dye up to 83.77% in 

neutral, 98.74% in acidic, and 99.5% in alkaline environments. In particular, doped BiOBr QDs 

have shown potent bactericidal activity towards pathogenic etiologic agents like MDR E. coli. 

Molecular docking analyses demonstrated that Ag/PVP-doped BiOBr QDs from E. coli might 

potentially block the FabH and DNA gyrase enzymes. Consequently, BiOBr QDs may be cost-

efficient, environmentally benign, and efficacious against bacteria and industrial dye degraders. 
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