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A B S T R A C T   

This study investigates the co-precipitation synthesis of (2 and 4 wt%) Ag and polyacrylic acid-doped SrO 
nanocomposites for bactericidal activities and catalytic Rhodamine B (RhB) decolorization. The objective of the 
investigation was to minimize the rate of electron-hole recombination of SrO to enhance charge transfer. The 
influence of Ag and PAA on the crystal structure, morphology, absorbance wavelength, and exciton recombi
nation rate of SrO was studied using a systematic characterization. The binary dopants were added into SrO to 
reduce the crystallite size, which produces the new active sites (reduces the recombination rate) and may 
generate reactive oxygen species (ROS). In a neutral medium with sodium borohydride (NaBH4), the synthesized 
nanocomposites demonstrated reasonable results for catalytic reduction of RhB dye (74.3 %). The bactericidal 
efficiency (96.6 %) of prepared samples was measured for Escherichia coli (E. coli) at various concentrations. 
Molecular docking studies were performed to rationale the antibacterial activity of PAA-SrO and Ag/PAA-SrO 
nanocomposites against DHFRE. coli, DHPSE. coli, and FabIE.coli suggested their role as inhibitors.   

1. Introduction 

Biological and chemical contamination of water has become a severe 
threat to living organisms. Agricultural, domestic, and most industrial 
fields produce effluents containing toxic impurities. Water contamina
tion causes several problems as health diseases like cancer, hormonal 
disruption, and nervous system disorder [1]. The primary anthropogenic 
sources of contamination are organic dyes, pesticides, and domestic and 
industrial wastes. Bacterial pollution is also considered a massive ratio 
of general health concerns. Dye-contaminated water is released into the 
environment, causing eutrophication and non-esthetic pollution, pro
ducing dangerous byproducts [2]. Rhodamine B (RhB) is widely used as 
a tracer fluorescent as a nitrogenous cationic dye in textiles and 

foodstuffs. It produces cancer-causing aromatic amines through reduc
tive anaerobic deprivation. RhB irritates the eyes, skin, and respiratory 
tract [3]. Using water sediment filters (fibers and ceramics), distillation 
and roller filters, reverse osmosis, filtered water, ozone exchange soft
ener, water ion exchange, catalysis, and photocatalysis are some stan
dard techniques to purify water contamination [4,5]. Besides other 
methods, catalysis is cost-effective and energy-efficient [6]. In catalysis 
and antimicrobials, metal oxides have a vast range of applications [7]. 

Metal oxide nanostructures (MO NSs) are attracting scrupulous 
attention for having remarkable properties in thermal, optical, and 
mechanical domains [8]. MO NSs such as Al2O3, MgO, CuO, TiO2, and 
CaO are widely utilized for their unusual catalytic and antibacterial 
activity [9–13]. Furthermore, these NSs are highly notable for having 
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unique physicochemical properties and high stability [12]. An attractive 
antibacterial agent having individual catalytic activities (cost durability, 
chemical stability) is titanium dioxide (TiO2), especially the anatase 
phase. But the Vivo and cytotoxic experiments show that for the respi
ratory system, it is very harmful [14]. The SrO NSs are non-toxic, 
superimposed with size, good optical assets, and admirable high ther
mal constancy [8]. SrO, an insulating oxide with a cubic structure, 
represents a non-magnetic character used for medicinal purposes as a 
substitute for body parts. Despite being less reactive and thermally 
stable, SrO has gained remarkable attention in the catalytic reduction of 
organic impurities and antibacterial applications because of its larger 
surface area. For the improved CA of the catalyst, various polymer and 
MOs nanocrystals have been designed [15]. Small amounts of polymers, 
such as polyacrylic acid (PAA), enhance the surface area [16]. With SrO, 
intrinsic oxygen vacancies are produced, which increases charge trans
fer and hence improves electrochemical performance [17]. The effec
tiveness of SrO in degrading organic material can be enhanced by 
polymers such as PAA, PVP, chitosan, starch, etc. [18]. PAA possesses 
substantial reduction properties and decreases the rate of recombination 
of SrO. Ag NSs are the best choice due to their remarkable properties, 
such as antimicrobial activity, broad-spectrum, catalytic activity, and 
non-linear optical behavior. 

Catalytic reduction is a process in which the chemical properties of 
dye molecules change by forming new chemical bonds with the addition 
of electrons and H-atom. The reduction of dye can change the color by 
breaking down the chromophore, part of the molecule that offers the dye 
color. Comparatively, dye degradation is fragmenting the dye molecule 
into smaller pieces may be caused by light, temperature, or other 
environmental factors. Consequently, the reduction and degradation of 
dye can result in decolorization chemical reactions. Reduction adds 
electrons to a dye molecule, while degradation breaks the dye molecule 
into smaller fragments [19]. 

Regarding bacterial pollution, Gram (-) (Escherichia coli (E. Coli)) has 
a more negative charge than Gram (+) bacteria (staphylococcus aureus 
(S. aureus)) [20]. So, Gram-negative bacteria possess stronger electro
static interaction strains. The particle size to surface area ratio (smaller 
particle size to larger surface area) determines the efficiency of MOs NSs 
in inhibiting bacterial growth. The charge difference between SrO 
nanocomposites and bacterial membranes leads to electrostatic attrac
tion. SrO NSs accumulated on the cell membrane surface and entered the 
bacteria resulting in their growth obstruction [21]. 

The current research aims to investigate the antimicrobial and 
degrading potential of Ag/PAA-doped SrO nanocomposites. Moreover, 
various characterization techniques (XRD, FTIR, SAED, UV, TEM, EDS, 
and mapping analysis) were employed to investigate the optical, 
morphological, and electrical properties. Further molecular docking 
predictions were implemented against DHFRE. coli, DHPSE. coli, and FabIE. 

coli enzyme. 

2. Experimental part 

2.1. Materials 

Strontium chloride hexahydrate (SrCl2⋅6H2O-99%), polyacrylic acid 
(PAA), sodium hydroxide (NaOH-98%), silver nitrate (AgNO3-99.8%), 
and ethanol (C2H5OH) were procured from Sigma Aldrich (Germany). 

2.2. Synthesis of SrO 

0.5 M of SrCl2⋅6H2O was used to synthesize a heterogenous control 
sample SrO by chemical co-precipitation method under constant heating 
(80 ◦C) and stirring for 2 h. The precipitating agent (NaOH) was grad
ually added to the stirred solution to maintain a pH of ~ 12. Precipitates 
were centrifuged twice with deionized (DI) water and ethanol at 7000 
rpm for 7 min and heated at 120 ◦C overnight, grind to obtain a fine 
powder. Similarly, the adequate amount of PAA (3 wt%) and Ag (2 and 

4 wt%) doped SrO nanocomposites were synthesized following the same 
procedure shown in Fig. 1. 

2.3. Catalytic activity (CA) 

The CA of prepared nanocomposites was investigated in the exis
tence of NaBH4 to degrade RhB dye. Firstly, 0.1 M of the reducing agent 
NaBH4 in DI water was integrated, and 400 μL was added to 3 mL of 
RhB dye solution in the dark, followed by 400 μL of SrO and (2 and 4 wt. 
%) Ag/PAA doped SrO. The performance of the catalytic dye degrada
tions was investigated through UV–Vis spectroscopy to measure the 
decolorization percentage. The dye decolorization process occurred 
when the pink color dye turned colorless. The performance was assessed 
in acidic, basic, and neutral, whereas NaOH and H2SO4 were used to 
maintain the pH of the dye degradation solution. Calculate the % of 
degradation of RhB dye formula;  

% Degradation = Co-Ct/Co × 100                                                            

where Co = the initial absorbance, Ct = a particular time absorbance. 
Co and Ct were obtained from the λmax value of the absorption spectrum, 
measured with a UV–Vis spectrometer. 

2.4. Identification and separation of E. coli bacteria 

2.4.1. Isolation of E. coli 
In Pakistan, Punjab province, nursing cows’ mastitis milk was 

collected in sterilized glassware, and these cows were offered at various 
marketplaces, veterinary farms, and clinics. On 5% sheep blood agar, 
collected samples were cultured, preserved at 36 ◦C for 24 h, and then 
applied on the surface of MacConkey-agar (MA) to segregate E. coli 
bacteria. Biochemical essays, like catalase and coagulase, morphological 
evaluation, and Gram staining, characterized the isolated colonies. 

2.4.2. Identification and characterization of bacterial isolates 
The preparation of E. coli was determined using colony morphology 

with the Gram stain and numerous biochemical tests with Bergey’s 
Handbook of Determinative Microbiology. 

2.4.2.1. Antibiotic susceptibility. Bauer et al. [22] disk diffusion method 
was accomplished on Mueller Hinton agar (MHA) for the antibiotic 
susceptibility test. For the bactericidal activity, used Ciprofloxacin (Cip) 
5 μg was used to test E. coli antibiotic resistance [23]. To achieve a 
turbidness of 0.50, a pure E. coli culture was obtained according to the 
MacFarland standard. The plates were stored at 36 ◦C for 24 h before 
being examined following Clinical and Laboratory Standard Institute 
guidelines [24]. 

2.4.3. Bactericidal activity 
The antimicrobial efficacy of SrO and (2 and 4 wt%) Ag/PAA-SrO 

nanocomposites were evaluated against E. coli through agar well diffu
sion method through inhibition zones. MA Petri dishes were incubated 
with E. coli bacteria at a concentration of 1.5 × 108 CFU/mL, and the 
plates were then placed in the incubator. The holes in the agar plates, 
which were 6 mm in diameter, were created with a sterile cork borer. 
The wells were loaded with varying concentrations of SrO and doped 
SrO nanocomposites, ranging (0.5 mg/50 μL) to (1.0 mg/50 μL). DI 
water (50 μL) was used as a -ve control, whereas ciprofloxacin (0.005 
mg/50 μL) was used as a + ve control. 

2.5. Molecular docking studies 

Various nanoparticles and nanocomposite systems have been found 
as good antimicrobial agents. Although nanocomposites biological po
tential is well-documented, the exact mechanism behind their biological 
processes must be explored. Computational methods, particularly 

H. Shahzad et al.                                                                                                                                                                                                                               



Journal of Photochemistry & Photobiology, A: Chemistry 444 (2023) 114970

3

molecular docking investigation, enabled scientists around the globe to 
have an in-depth analysis of various interactions and mechanisms. 
Considering the good antibacterial activity of synthesized nano
composites here, we performed their molecular docking studies against 
selected enzymes as possible targets for inhibition. Three enzymes i.e., 
dihydrofolate reductase (DHFRE. coli), dihydropteroate synthase (DHPSE. 

coli), and Enoyl-[acyl-carrier-protein] (ACP) reductase (FabIE.coli) were 
selected [25–28], and their 3D-structural coordinates were retrieved 
from the protein data bank. The accession codes used for DHFRE. coli, 
DHPSE. coli, and FabIE.coli were 2ANO [29], 5U0W [30], and 1MFP [28], 
respectively. 

ICM Molsoft v3.8-7d (Molsoft L.L.C., La Jolla, CA) predicted mo
lecular docking [31]. The preparation of protein structures involved the 
addition of polar H-atoms and gastegier charges, removal of water 
molecules and native ligands, and energy minimization. Later, the 
docking site was determined by specifying 10 Å near the native ligand in 
each case. Interaction patterns analysis of docked complexes and 
graphical representation was done using ICM viewer and Pymol soft
ware, while ligand structures were built using the LigEdit tool of ICM. 

3. Results and discussion 

For the preparation of Ag/PAA-doped SrO nanocomposites, the fixed 
amount of PAA (3 wt%) and Ag (2 and 4 wt%) were added into SrO 
nanocomposites through the co-precipitation method (Fig. 1). 

The crystallographic plane structure and phase purity of SrO and Ag/ 
PAA-SrO were investigated through XRD in 2θ ranges from 10 to 80◦

(Fig. 2a). XRD pattern shows well-defined diffracted peaks angle at 
25.35◦, 32.56◦, and 49.9◦ for the planes (110), (001), and (220), 
respectively. These planes are well matched with the cubic phase of SrO, 
along the space group Fm3m confirmed by (JCPDS card 00–006-0520). 
Additionally, the other diffraction peaks at 36.01◦ and 75.5◦ ascribed to 
(112) and (220) planes of tetragonal SrO2 (with JCPDS card 00–006- 
0520, space group I4/mmm). Furthermore, the diffraction peaks 
observed at 43.5◦, 46.6◦, 54.42◦, 57.38◦, and 65.61◦ correspond to 
planes (200), (400), (511), (210), and (322) of orthorhombic Sr(OH)2 
with standard spectrum (JCPDS card 01-071-2365) of synthesized 

material [32]. Crystallinity was reduced upon the incorporation of PAA, 
attributed to the amorphous behavior of the polymer. The two distinct 
peaks were observed upon Ag doping at 20.25◦ and 25.23◦ for (210) and 
(110) planes of orthorhombic Ag crystal structure (JCPDS No: 96-150- 
9552). According to the Debye Scherrer formula (D ¼ 0.89 λ/βcosθ), the 
average crystallite size of the SrO, PAA-SrO, and Ag/PAA doped SrO (2 
and 4 wt.%) was ~38.60, 36.80, 35.46 and 31.78 nm respectively pre
vious reported [33]. 

To verify the purity of the sample and examine the chemical struc
ture, Ag/PAA-SrO nanocomposites were characterized by FTIR spectra 
(Fig. 2b). The broad transmittance bands that emerge at 3366 cm− 1 

originate from the vibrational stretching modes of the OH bond of H2O 
[34]. The band at 1652 cm− 1 manifested to hydroxyl group vibrational 
bending mode (O–H) [35]. The 1494 and 602 cm− 1 bands correspond to 
asymmetric stretching vibration and out-of-plane bending vibration of 
Sr–O, confirming the successful formation of SrO nanocomposites 
[32,36]. Upon Ag/PAA incorporation, results show no shift in the 
transmittance spectra. In addition, the SAED pattern of SrO and Ag/ 
PAA-SrO nanocomposites showed bright rings associated with distinct 
XRD facets (001), (112), (110), and (002) (Fig. 2c-f). 

For the optical evaluation of synthesized Ag/PAA-doped SrO nano
composites, UV–Vis spectra were examined from 200 to 500 nm 
(Fig. 3a). The observed spectra indicated the absorption band at 242 nm 
for SrO [37]. The band gap energy (Eg) was calculated at 3.86 eV for SrO. 
As Ag and PAA were added, a decrease in Eg was attributed to a bath
ochromic shift representing a change in crystallite size for PAA-SrO [8]. 
The Tauc plot equation calculated the Eg of SrO and Ag/PAA-doped SrO 
nanocomposites to be 3.86, 3.75, 3.63, and 3.49 eV, respectively 
(Fig. 3b) [37]. The (n–π*) transition band has dramatically decreased 
the Eg from 3.86 to 3.49 eV. This Eg reduction may make electron 
transport in nanocomposites easier, improving CA. 

TEM micrographs investigate the morphology of SrO and Ag/PAA 
doped SrO nanocomposites (Fig. 4a-d). As reported in Fig. 4a, nanorods 
of SrO were arranged in a bushlike assembly with a nonuniform diam
eter. Incorporating PAA into SrO causes the formation of agglomerated, 
distinctive nanorod-like structures that could enhance charge carrier 
mobility throughout the catalytic process. The catalytic activity of SrO 

Fig. 1. Synthesis of Ag/PAA-doped SrO nanocomposites.  
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Fig. 2. (a) XRD pattern, (b) FTIR spectra, (c–f) SAED images of SrO, PAA-SrO, and Ag/PAA-SrO (2 and 4 wt%) nanocomposites.  

Fig. 3. (a) UV–vis spectra (b) band gap UV–vis spectra of SrO, PAA-SrO and Ag/PAA-SrO (2 and 4 wt%) nanocomposites.  
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will increase due to the high surface area provided by the aggregated 
nanorods [38]. The addition of 2 wt% of Ag to the binary system PAA- 
SrO produced high aggregation and chunk-like morphology. Agglom
eration increased with increasing Ag concentration, resulting in a 
considerable nanorod-type structure. 

HR-TEM microscopy was used to calculate d-spacing in SrO, and Ag/ 
PAA doped SrO nanocomposites, as shown in Fig. S1a-d. The measured 
d-spacing values of host and doped SrO nanocomposites were 0.295, 
0.293, 0.278, and 0.267 nm, well organized with XRD results. 

The elemental identification of undoped and doped SrO nano
composites was confirmed using EDS analysis (Fig. S2a-d). The presence 
of SrO is confirmed by strontium (Sr) and oxygen (O) peaks. Silver (Ag) 
and carbon (C) peaks in EDS spectra of Ag/PAA-SrO NSs indicate the 
successful addition of dopants into the SrO. In addition, a chlorine (Cl) 
peak was detected, which was linked directly to the precursors used in 
the synthesis. The incorporations of NaOH during the synthesis of pH 
maintenance were attributed to the sodium (Na) peaks. The atomic 
distribution of Ag/PAA doped SrO nanocomposites was determined by 
mapping results revealing that six elements (Sr, O, Ag, C, Na, and Cl) 
were uniformly dispersed with various elemental concentrations via 
different colors (Fig. S2e). 

The redox reaction occurred in the catalysis mechanism; RhB is 
oxidizing species, while NaBH4 acts as electron donating species. In the 
presence of NaBH4, decolorization of RhB occurred, which was a slug
gish reaction. The activation energy was reduced when pure and doped 
SrO was combined with RhB, which increased the reaction rate. The 
electron relay system facilitated by the SrO and Ag/PAA doped SrO 
makes it easier for electrons to be transported from the receiver to the 
RhB dye. Due to their small crystallite size, nanocatalysts offer an ad
vantageously high surface-to-volume ratio for dye degradation. An XRD 
investigation found that crystallite size reduces as Ag concentration in
creases to optimal levels; this increases the active sites, ensure in a 
significant CA for the decolorization of RhB dye. The electron was 

absorbed on the surface of RhB, which was then transformed into LRhB 
(Fig. S3). 

According to the findings of the experiments, the most effective dye 
degradation occurred in a neutral medium, as shown in Fig. 5. NaBH4 
serves as an electron relay, transferring electrons and limiting CA in the 
absence of a nanocatalyst. The prepared nanocatalyst (400 μL) has been 
added to the dye-prepared solution, improving dye degradation and 
catalytic performance to 74.3 % dye in 10 min in a neutral medium. It is 
important to note that the % of dye degradation is directly related to the 
pH value of the medium. Large decolorization of RhB occurred in a 
neutral medium which are 74.3, 71.2, 72 and 73.7 %; in an acidic me
dium 65.1, 65.8, 67.1, and 67.3 %, and basic medium, 53.0, 51.5, 60.7 
and 51.5 % for SrO, PAA-SrO and (2, 4 wt%) Ag/PAA doepd SrO in 10 
min (Fig. 5a-c). 

The textile industry is one of the most chemically intensive in
dustries, and its real wastewater includes dangerous dyes, pigments, 
suspended or dissolved solids, and heavy metals. The real wastewater 
was collected from a local textile industry in Lahore, Pakistan; after 
collection, the real wastewater was stored at 37 ◦C. Using a UV–vis 
spectrophotometer, decolorizing real wastewater is an essential 
parameter for demonstrating the treatment performance of effluent. CA 
of prepared nanocomposites was investigated in the presence of NaBH4 
to degrade the real wastewater. Pure and (2 and 4 wt%) Ag/PAA doped 
SrO expressed the degradation of industrial wastewater (pH = 8.77) 43, 
44.2, 63, and 69.47 %, respectively in 10 min (Fig. 5d). The degradation 
efficiency of synthesized nanocomposites for RhB dye synchronized with 
real wastewater results. 

Despite lacking H+ ions in the basic medium, NaOH excess OH− ions 
stick to the nanocatalyst surface, creating a -ve charge on the prepared 
material used as a catalyst. Adsorption occurs when the negative surface 
charge of the nanocatalyst is attracted to the positive surface charge of 
the cationic RhB dyes in the natural medium. Increased adsorption in a 
basic medium promotes considerable contact between the positive and 

Fig. 4. TEM micrograph of (a) SrO, (b) PAA-SrO, and (c-d) Ag/PAA doped SrO (2 and 4 wt%) nanocomposites.  
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negative charged surfaces of RhB and the nanocatalyst, leading to high 
dye degradation efficiency [39]. 

NaBH4 transfers e− /h+ to the surface of nanocomposites and forms 
metal-hydrogen covalent linkages. RhB dye adsorbs onto the active site 
leading to dye degradation by capturing e− and adsorbed H. In nano
structures, adsorption of the dye molecules and BH4

− ion is enhanced; 
having several active sites leads them to react [40]. Leuco-Rhodamine B 
(LRhB; a reduced form of RhB) desorbs from the active site directing to 
the re-emergence of the catalyst for its further CA. During CA, a redox 
reaction occurs, which involves the transfer of electrons (Fig. S3). 
Absenteeism of nanocomposites, the catalytic activity reaction is pro
tracted. As the activation energy decreases, the addition of nano
composites leads to an increase in the reaction rate. 

Increased CA was observed for Ag/PAA-doped SrO nanocomposites 
due to their high surface area. Consequently, the catalytic reduction of 
RhB by Ag/PAA (4 wt%) doped SrO nanocomposites is considerably 
enhanced, and the dye is degraded effectively (Fig. S4a). The rate con
stants (k) for catalytic reduction kinetics have been calculated by 
quantifying the slopes of ln(Co/Ct) against time. The degradation rate 
constant k was calculated to be 0.12397 ± 0.0204, 0.12198 ± 0.02197, 
0.125583 ± 0.02358, and 0.12465 ± 0.02591 min− 1 for undoped and 
doped SrO, respectively (Fig. S4b). 

The inhibition zone of SrO, PAA-SrO, and (2 and 4 wt%) Ag-doped 

PAA SrO nanocomposites for G -ve bacteria were calculated through 
the agar well diffusion method in Table 1. At various concentrations, the 
inhibition zoon of SrO and doped SrO nanocomposites was examined 
against E. coli bacteria. The low and high concentrations zones of inhi
bition were measured as 1.65–3.85 and 2.205–4.60 mm, respectively. 
Ciprofloxacin was used as a positive control, and its inhibition zones 
against the low and high concentrations (4.95 mm) were significantly 
larger than those of DI water (0 mm) (Fig. S5a-b). The percentage of 
efficacy against E. coli increases from (33 to 77 %) at low concentrations 
and from (41 to 92 %) at high concentrations accordingly (Fig. S5b). In 

Fig. 5. Catalytic activity of SrO and doped SrO nanocomposites in (a) acidic, (b) basic and (c) neutral media (d) real wastewater degradation in 10 min.  

Table 1 
Bactericidal activity of SrO, PAA-SrO, and (2 and 4 wt%) Ag doped PAA-SrO.  

Samples E. coli   

Inhibition zone (mm)   

0.5 mg/50 μL 1.0 mg/50 μL 

SrO 1.65 2.05 
PAA-SrO 2.25 2.55 
Ag/PAA-SrO (2%) 3.05 3.55 
Ag/PAA- SrO (4%) 3.85 4.60 
Ciprofloxacin 4.95 4.95 
DI water 0 0  
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conclusion, the results reveal that the Ag/PAA doped SrO nano
composites exceeded the antibacterial efficiency of the G -ve bacterial 
strain. 

With the addition of PAA, inhibitory zones increased due to car
boxylic and hydroxyl groups, which boosted the formation of ROS. It is 
conceivable that ROS made it easier for metal ions to discharge, which 
ultimately led to the death of bacterial cells. Additionally, Ag doping had 
a more effective bactericidal effect because Ag negatively influences 
metal oxide particle formation, resulting in smaller particle sizes and 
increased contact with SrO nanocomposites and bacterial cells. Ac
cording to the findings, Ag/PAA doped-SrO nanocomposites possessed a 
more robust bactericidal activity against E. coli, a type of Gram-negative 
bacteria distinguished by its thicker cell walls and more complicated 
structures. The prepared nanomaterials’ crystallite size, nanostructure, 
and active sites influence oxidative stress tolerance. The Ag/PAA was 
added into SrO to reduce the crystallite size, which produces the new 
active sites and may generate ROS to enhance the antimicrobial activity 
[41,42]. 

The chemical process generates ROS like superoxide anion radical 
(*O− 2), hydroxyl radical (*OH), and hydrogen peroxide radicals 
(*H2O2). As a result of the interaction between electrostatic forces and 
hydrophobic, certain transition metal oxides possess antimicrobial ac
tivity. As shown in Fig. S6, Sr2+ destroys bacterial membrane stability to 
increase the antibacterial activity. The strontium cation (Sr2+) inter
linked with bacterial cell walls causes microbial collapse, DNA damage, 
and pathogenic cross-linkage disruption [43,44]. 

Molecular docking analysis of prepared undoped and doped SrO 
nanocomposites were performed for in-depth analysis of interactions 
responsible for their bactericidal activity and to explore their role as 
possible inhibitors of selected enzyme target DHFRE. coli, DHPSE. coli, and 
FabIE.coli in the current study. In the case of DHFRE. coli, both PAA-SrO 
and Ag/PAA-SrO nanoparticles revealed moderate binding tendency 
inside active pocket having binding scores − 4.761 and − 7.552 kcal/ 
mol, respectively. Where PAA-SrO interacted through H-bond (1.6 Å) 
with Ala7 and pi-alkyl interaction with Tyr100 while Ag/PAA-SrO 
showed two H-bond relations i.e. Asp27 (2.8 and 3.0 Å) alongside Pi- 

alkyl interaction with Tyr100 as depicted in Fig. 6. These docked com
plexes were also compared with known Antibiotic ciprofloxacin-DHFRE. 

coli complex (binding score: − 9.978 kcal/mol). 
The docking tendency of synthesized nanocomposites was also 

evaluated against DHPSE. coli, another essential enzyme of the folate 
biosynthetic pathway. The docked complexes for PAA-SrO and Ag/PAA- 
SrO NPs revealed much better binding scores (-8.493 and − 8.881 kcal/ 
mol) and interactions with active site residues. Four H-bonds were 
observed in the case of the PAA-SrO complex i.e., Arg255 (1.7 and 2.7 
Å), Ile20 (2.7 Å), and Asn22 (1.9 Å), while Ag/PAA-SrO NPs showed 
involvement of three H-bonds as Asp56 (2.3 Å), Asp96 (2.7 Å) and 
Arg255 (1.8 Å) shown in Fig. 7. The binding score observed in case of 
ciprofloxacin-DHPSE. coli complex was − 9.119 kcal/mol. 

Similarly, docking complexes were generated and analyzed inside 
the active pocket of FabI (a well-known target for antibiotics). The best- 
docked complex obtained in the case of PAA-SrO showed a binding score 
of − 7.683 kcal/mol having H-bonds with Ser19 (1.9 Å), Ile20 (1.6 Å) 
and Thr194 (1.7 Å) while Ag/PAA-SrO NPs revealed H-bonds with 
Gly13 (2.9 Å), Ser19 (2.4 Å), Ile20 (2.1 Å) and Ile92 (2.3 Å) having 
binding score − 10.583 kcal/mol as depicted in Fig. S7. Ciprofloxacin 
docked complex with FabIE.coli revealed a binding score of − 11.037 
kcal/mol. These nanocomposites may be inhibitors of DHFRE. coli, 
DHPSE. coli, and FabIE.coli, as suggested by molecular docking. This 
opened new horizons for the use of nanoparticles as new Antibiotic 
agents. 

4. Conclusion 

This current research aimed to synthesize SrO and Ag/PAA-doped 
SrO nanocomposites through co-precipitation and improve their bacte
ricidal and catalytic properties. The XRD analysis demonstrated that SrO 
has a cubic structure, and crystallite size ranges between 38.60 and 
31.78 nm upon adding Ag and PAA. FTIR analysis was utilized to cate
gorize the out-of-plane bending vibration of Sr-O. The SAED pattern 
revealed that the synthesized nanocomposites were crystalline and 
analogous to the XRD results. The bathochromic or red shift in electronic 

Fig. 6. Binding interaction pattern of PAA-SrO, Ag/PAA-SrO nanocomposites, and ciprofloxacin inside active pocket of DHFRE. coli.  
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spectra caused by incorporating Ag and PAA resulted in a decrease in 
band gap energy. The morphological analysis confirmed the emergence 
of a nanorod-like structure of SrO, and the agglomeration was increased 
upon incorporating Ag/PAA. The EDS examination of nanocomposites 
provided conclusive evidence that Sr, O, and Ag samples. The synthe
sized nanocomposites degraded RhB dye in acidic, basic, neutral con
ditions and real wastewater was 67.3 %, 60.7 %, 74.3 %, and 69.47 % 
respectively. The synthesized Ag/PAA doped SrO nanocomposites 
manifested inhibition zone at various concentrations (3.85 and 4.60 
mm, respectively) against E-coli bacteria, compared to ciprofloxacin. In 
silico studies predicted the synthesized nanocomposites PAA-SrO and 
Ag/PAA-SrO as possible inhibitors of DHFRE. coli, DHPSE. coli, and FabIE. 

coli. In conclusion, SrO nanocomposite with Ag/PAA dopant concentra
tion is an effective inhibitor against E. coli bacteria and a catalyst for 
decolorizing RhB. 
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