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ABSTRACT: This study was used to evaluate the catalytic activity (CA) and bactericidal
activity of α-MoO3 and Sm-g-C3N4-doped α-MoO3 composites prepared through an
efficient, cost-effective coprecipitation route. Their characteristic studies verify the
formation of α-MoO3 and its composites (3, 6, and 9 mL Sm-g-C3N4-doped α-MoO3),
which showed high crystallinity, as confirmed by X-ray diffraction (XRD) analysis. The
production of superoxide and hydroxyl radicals due to charge transfer through α-MoO3
and g-C3N4 eventually forms electrons in g-C3N4 and holes around α-MoO3. CA against
Rhodamine B (RhB) in basic medium provides maximum results compared to acidic and
neutral media. The bactericidal efficacy of the (9 mL) doped sample represents a greater
inhibition zone of 6.10 mm against the negative bacterial strain Escherichia coli.
Furthermore, in silico studies showed that the generated nanorods may inhibit DNA
gyrase and dihydropteroate synthase (DHPS) enzymes.

1. INTRODUCTION
Water is the preeminent necessity for every organism on land.1

Several chemical industries have been recently considered a
key source of water pollution.2 As a significant danger to every
organism, water contamination presents a formidable obstacle
for society.3 Annually, one thousand million people are affected
by water pollution, and 1.8 million deaths were registered in
2015, as reported by Lancet.4 The primary sources of water
pollution are organic dyes in industrial (paper, textile, and
apparel) wastewater due to their carcinogenic nature5,6 and
bacteria because of its ubiquitous nature, drug resistance, and
ability to grow in the environment. Researchers estimate that
between 10 and 12% of all pigments (including Rhodamine B,
rose bengal, indigo red, methylene blue, and many more) are
utilized yearly in the textile industry, with the majority of these
colors being destroyed during their synthesis or processing.
Sewage systems are becoming more contaminated by synthetic
dyes that cannot be recycled, including hazardous, carcino-
genic pigments. According to a World Bank report, 15−20% of
water contamination is attributed to dyeing agents. In this
regard, researchers have paid tremendous attention to the issue
of eradicating dyes from effluents.7 Due to the development of
resistant antibiotics, infections caused by bacteria pose a
significant threat to public health.8

Several approaches have been deployed to overcome this
particular problem, including ozonation,9 ion-exchange re-
moval,10 coagulation,11 membrane filtration,6 photocatalysis,12

and catalytic degradation.13 Among these methodologies,
catalysis in the presence of nanomaterials is considered an
inexpensive, environment-friendly, simple, and sustainable
approach for treating organic dyes.14 Several inorganic
semiconductors, including Al2O3, ZnO, CaO, TiO2, MgO,
and MoO3 have been utilized for catalytic dye degradation due
to their distinctive features, i.e., uniform size, size distribution
morphology, and a large prescribed surface area.15 Addition-
ally, metal oxides are extensively well known for their
antimicrobial activity among the massive nanoparticles
synthesized.16

Among the metal oxides mentioned above, molybdenum
trioxide (MoO3) has pale yellow or blue mixed-gray colored
nanoparticles. MoO3 is a semiconducting material of the n-type
having a significant band gap (ranging from 2.8 to 3.2 eV) that
has several possible applications,15 including catalysis, sensors,
batteries, photography, display devices, and lubricants. The
MoO3 nanomaterial, being thermally inert, can exist in three
different crystalline structures of orthogonal (α-MoO3),
monoclinic (β-MoO3), and hexagonal (h-MoO3) MoO3

Received: June 3, 2023
Accepted: August 29, 2023
Published: September 18, 2023

Articlehttp://pubs.acs.org/journal/acsodf

© 2023 The Authors. Published by
American Chemical Society

34805
https://doi.org/10.1021/acsomega.3c03910

ACS Omega 2023, 8, 34805−34815

This article is licensed under CC-BY-NC-ND 4.0

D
ow

nl
oa

de
d 

vi
a 

19
3.

14
7.

22
2.

24
3 

on
 N

ov
em

be
r 

7,
 2

02
3 

at
 1

3:
00

:0
6 

(U
T

C
).

Se
e 

ht
tp

s:
//p

ub
s.

ac
s.

or
g/

sh
ar

in
gg

ui
de

lin
es

 f
or

 o
pt

io
ns

 o
n 

ho
w

 to
 le

gi
tim

at
el

y 
sh

ar
e 

pu
bl

is
he

d 
ar

tic
le

s.

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Mohsin+Shabbir"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Muhammad+Imran"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ali+Haider"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Iram+Shahzadi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Wakeel+Ahmad"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Anwar+Ul-Hamid"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Walid+Nabgan"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Walid+Nabgan"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Anum+Shahzadi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ali+Al-Shanini"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Murefah+mana+Al-Anazy"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Mohamed+Adam"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Muhammad+Ikram"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Muhammad+Ikram"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acsomega.3c03910&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c03910?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c03910?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c03910?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c03910?goto=supporting-info&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c03910?fig=abs1&ref=pdf
https://pubs.acs.org/toc/acsodf/8/38?ref=pdf
https://pubs.acs.org/toc/acsodf/8/38?ref=pdf
https://pubs.acs.org/toc/acsodf/8/38?ref=pdf
https://pubs.acs.org/toc/acsodf/8/38?ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acsomega.3c03910?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://acsopenscience.org/researchers/open-access/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


phases.17 Several methods were used to prepare different
structures and morphologies of MoO3, such as microwave
methodology, electrochemical method, sonochemical method,
coprecipitation, flame synthesis, and hydrothermal process.
Coprecipitation is the preferred method due to the ease in
synthesizing α-MoO3 nanomaterials and its cost-effectiveness.
The physical parameters of α-MoO3 nanoparticles must be
altered to improve their performance in various nano-
technology applications. A distinctive dual layer of deformed
MoO6 octahedral atoms makes the orthorhombic crystalline
structure of α-MoO3, which is a thermodynamically stable
metal oxide. MoO3 has drawn considerable attention in
biomedicine because of its low cost, nontoxicity, and
biodegradability, despite its insignificantly low absorption
coefficient and slow reaction kinetics limiting its further
application.18 To enhance the absorption range of MoO3,
carbon nitride in its graphitic phase (g-C3N4) is a metal-free
semiconductor nanomaterial with a massive application in low
biomedical cytotoxicity, high chemical stability, and antimicro-
bial activity against planktonic bacteria and viruses.19 As
reported from the literature, g-C3N4 has drawbacks, such as a
higher recombination of charges. Various modifications were
needed to enhance the catalytic activity, including metal
doping and heterojunction with other semiconductors. A rare
earth metal, samarium, is used in metal doping to enhance the
catalytic ability of the metal oxide. Samarium (Sm), a
significant rare earth (RE) ion, has drawn more attention as
a result of its inexpensive cost and significant improvement in
catalytic performance. The characteristics of Sm3+ ions include
partially occupied 4f orbitals, and they are effective at capturing
generated electrons, significantly slowing down the recombi-
nation of e−/h+ pairs.20 Moreover, metal grafting generates
nitrogen (N) defects, which act as trap sites. As reported that
N-vacancies in g-C3N4 suppress fast recombination.21

This study is about the synthesis of α-MoO3 and 3, 6, and 9
mL of Sm-g-C3N4-doped α-MoO3 composites through an

efficient and cost-effective coprecipitation route. Systematic
characterization techniques were employed for the detailed
analysis of synthesized nanocomposites. The synthesized
nanocatalyst is used to eliminate the RhB dye and bacterial
inactivation against Escherichia coli.

2. EXPERIMENTAL SECTION
2.1. Materials. Ammonium heptamolybdate tetrahydrate

((NH4)6Mo7O24·4H2O) (AHM) and urea (CH4N2O, 99.5%)
were acquired from Sigma-Aldrich. Samarium(III) nitrate
hexahydrate (Sm(NO3)3·6H2O) and HNO3, 65% were
purchased from Alfa Aesar and Merck, respectively.

2.2. Formation of Samarium-g-C3N4. Graphitic carbon
nitride (g-C3N4) was synthesized by pyrolysis of urea at 550
°C over 5 h. After this, a white powder of g-C3N4 was achieved.
Subsequently, 60 mg of g-C3N4 and Sm (NO3)3·6H2O were
dispersed in 60 mL of DI water to graft in the solution form
under constant stirring for 4 h. Finally, 7 mL of methanol was
added to the prior solution as a sacrificial reagent.

2.3. Synthesis of α-MoO3 and Samarium-Grafted/g-
C3N4-Doped α-MoO3. α-MoO3 was prepared via coprecipi-
tation using (NH4)6Mo7O24·4H2O as a precursor. Initially,
0.02 M AHM was disintegrated in 250 mL of DI water with
constant agitation at around 100 °C for 1 h. A specific volume
of HNO3 was poured dropwise to maintain the pH at 1.5.
Afterward, the prepared solution was centrifuged twice (at
7000 rpm) and heated at 110 °C for 12 h. The resulting MoO3
powder was heated in a beaker at 550 °C for 3 h to obtain the
final product α-MoO3. The above route was followed to
prepare Sm-g-C3N4 (3, 6, and 9 mL)-doped AHM, as shown in
Figure 1. The reaction mechanism is proved in the equation
given below (eq 1):

(NH ) Mo O 4H O 6HNO

7MoO 6NH NO 7H O

4 6 7 24. 2 (aq) 3

3(S) 4 3 (aq) 2

+

+ + (1)

Figure 1. Schematic diagram of α-MoO3 and Sm-g-C3N4-doped α-MoO3 synthesis.
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2.4. Catalytic Activity. The catalytic degradation of
unmodified and Sm-g-C3N4-doped α-MoO3 catalyst was
analyzed using Rhodamine B (RhB) as a waste product. A
freshly prepared sodium borohydride (NaBH4) and RhB
solution was used. DI water was used to dilute RhB, and a
different extent of NaBH4 was poured into the MoO3 solution.
The degradation efficiency can be calculated by eq 2.

C C
C

degradation rate(%) 100o t

o
= ×

(2)

2.5. Isolation of E. coli. We cultured hospital-collected
bovine mastitis milk on 5% blood agar over 24 h. The acquired
colonies were strained on MacConkey agar (MA) to detect the
E. coli (G −ve) microbe. To isolate distinct colonies of E. coli
staining, biochemical (catalase and coagulase) techniques were
performed.

2.6. Antimicrobial Activity. Antibacterial efficiency of
pristine and doped MoO3 was investigated by agar well
diffusion assay to identify the effect against isolated G −ve
microbes. The isolated E. coli microbes with 1.5 × 108 CFU
mL−1 were wiped over a petri dish, and 6 mm diameter holes
were drilled with a sterilized cork borer. When the synthesized
samples were introduced into the wells at low and high
concentrations (0.5 mg/50 μL and 1.0 mg/50 μL,
respectively), they were compared to conventional ciproflox-
acin (5 g/50 mL) and DI water (50 mL), which served as the
control without the targeted sample. Formed plates were
employed for antimicrobial investigation at 37 °C for 48 h.
Antibacterial performance was evaluated by inhibition zone
measurement using a vernier caliper.

2.7. Molecular Docking Analysis. Molecular docking on
DNA gyrase and dihydropteroate synthase (PDB ID: 5MMN;

(Resolution: 1.90)22,23 and 5U0V (DHPSE. coli))
24 was the

focus concerning nucleic acid and folate biosynthesis pathways,
separately. All three-dimensional structures were obtained
through a database of proteins with the corresponding PDB
IDs. Sybyl X-2.025 is used for docking prediction and sketch
module-generated ligand complexes. After removing water
atoms and adding polar H atoms, the water molecules’ original
energy levels were maintained in their native ligands. To
visualize binding interactions in three dimensions, Pymol was
employed.

2.8. Radical Scavenging Assay (DPPH). An adapted
version of DPPH scavenging assay was used for evaluating
antioxidant activity and free radical scavenging capacity of the
synthesized NRs. A comparable amount of DPPH solution
(0.1mM) was added to Sm-g-C3N4-doped α-MoO3 NRs (25−
150 μg/mL). This was subsequently vortexed and incubated in
the dark for 30 min at ambient temperature. Ascorbic acid was
used as the reference sample. The DPPH solution degradation
at 517 nm was employed to determine the scavenging rate (%)
of each sample, as given by eq 1.

A A Ascavenging rate(%) 1/ 1000 0= ×

where A0 is the control absorbance and A1 is the standard
absorbance.

3. RESULTS AND DISCUSSION
α-MoO3 was prepared via coprecipitation by using
(NH4)6Mo7O24·4H2O as a precursor.
XRD analysis is used for evaluating the crystallographic

form, phase purity, and crystallinity from the synthesized α-
MoO3 and Sm-g-C3N4-doped α-MoO3, as shown in Figure 2a.
The XRD peaks at 12.67, 23.54, 25.81, 27.47, 29.47, 33.87,

Figure 2. (a) XRD analysis of MoO3 and Sm-g-C3N4-doped α-MoO3, (b) FTIR spectra of MoO3 and Sm-g-MoO3, and (c−f) SAED analysis.
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35.51, 39.16, 46.59, 49.45, 57.98, 59.11, and 64.88° assigned to
the lattice planes of (020), (110), (040), (021), (130), (111),
(041), (150), (210), (002), (171), (081), and (062),
respectively, are exclusively indexed to orthorhombic α-
MoO3, which is well matched with JCPDS No. 05-0508. The
rest of the peaks at 9.8 and 19.45° represent the diffraction
planes of (100) and (200) assigned to hexagonal MoO3
(JCPDS No. 21-0569), indicating that the phase change
from hexagonal to orthorhombic is completed.26 Furthermore,
the phase stability of h-MoO3 is at 436 °C,27 while the
resulting product is heated at 550 °C for 3 h in air, and the
phase transformation occurs into orthorhombic α-MoO3.

28

This hexagonal phase could be due to the initial low synthesis
temperature and invariance under high temperatures because
of the large size of nanorods. The typical (100) and (002)
planes of g-C3N4 that emerged ∼13.12 and 27.52° seem
compatible with interplanar stacking in the aromatic system
and interlayer structured packing, respectively.29 It is believed
that the peaks for g-C3N4 in the doped system look overlaid
with the peaks for α-MoO3.

30 The crystallite size of the (040)
peak of pristine and (3, 6, and 9 mL) Sm-g-C3N4-doped α-

MoO3, calculated using the Scherrer equation, is 36.06, 48.08,
41.21, and 41.21 nm, respectively. The interlayer spacing of the
more intense peak of synthesized samples evaluated through
Bragg’s law (nλ = 2d sinθ) is 0.354−0.372 nm. Upon loading
the samarium to α-MoO3, the XRD pattern of doped
nanocomposites showed the crystallinity increasing gradually.
No distinctive peaks of samarium were observed in the
prepared samples, which elucidates that the samarium ions are
assimilated in the crystallinity of g-C3N4.

31

Figure 2b shows an analysis of FTIR spectroscopy to identify
functional groups within MoO3 and doped nanorods amid the
4000 and 400 cm−1 range. The Mo�O bond shows stretching
modes in all samples for terminal oxygen at 994 cm−1.32 A
band edge of nearly 864 cm−1 was ascribed to the stretching
vibration of Mo−O−Mo bonds.26 The band edge found
around 588 cm−1 exhibited stretching, whereas 484 cm−1

revealed the bending vibration of the Mo−O group.33 Bands
at 3550 cm−1 were ascribed to stretching and 1618 cm−1 were
attributed to the bending vibrations for the hydroxyl group
bonded with oxygen in water molecules, respectively.34 The
selected area electron diffraction (SAED) pattern obtained

Figure 3. (a) UV−vis spectra for α-MoO3 and Sm-g-C3N4-doped α-MoO3 and (b) band gap of nanostructures.

Figure 4. (a−d) TEM analysis of pure and doped α-MoO3.
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from α-MoO3 provides information about the crystal
symmetry and orientation. SAED concentric rings were
indexed to correspond with the (210), (110), (040), (021),
(130), and (171) crystallographic planes, which were assigned
to orthorhombic α-MoO3 following the XRD analysis, as
shown in Figure 2c−f.
UV−visible spectroscopy was applied to evaluate the

absorption and band gap energy of the produced α-MoO3 in

the 200−600 nm range. All samples absorbed light at a
wavelength of 230−450 nm, and the maximum absorption
edge was at 410, 420, and 450 nm, respectively, as shown in
Figure 3a. Molybdenum causes a blue shift in the composite,
and higher absorption by doped α-MoO3 aligns with the
observed hue change from yellow to blue.35 A red shift
suggested that the catalyst absorbs more visible light,
enhancing its catalytic activity. This proves the existence of

Figure 5. (a−d) Calculated d-spacing of α-MoO3 and Sm-g-C3N4-doped α-MoO3.

Figure 6. Catalytic activity of α-MoO3 and (3, 6, and 9 mL) Sm-g-C3N4-doped α-MoO3 in (a) acidic (b) basic, and (c) neutral environment and
(d) stability of the catalyst in basic medium.
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α-MoO3 nanorods due to the MoO3 d−d transition.36 The
band gap energy of bare and doped composites was calculated
using the Tauc plot equation of 2.94−2.75 eV, which is well
agreed with the literature shown in Figure 3b.37 The
absorption wavelength exhibited a red shift for doped
composites favorable to more electron−hole generation,
resulting in superior catalytic efficacy and antimicrobial
performance.38

Figure S1a−d displays the EDX spectra of the synthesized α-
MoO3 and doped α-MoO3 nanostructures. The synthesized α-
MoO3 nanostructure in the final form confirms the presence of
two elements, Mo and O, in the spectrum (Figure S1a). The
Na impurity peak observed in the spectrum could be due to an
operator error (Figure S1b), while coating on samples to
minimize the charging effect gives rise to the Au peak in the
obtained spectra. The sample holder utilized in the EDX
experiment may be accountable for the Cu peaks seen in
Figure S1a−d.
TEM images of pristine and doped α-MoO3 were obtained

to identify the nanorod morphology, as shown in Figure 4a−d.
TEM images indicate that the surface of the doped samples is
smooth compared to that of the synthesized α-MoO3
nanorods. The diameters of synthesized nanorods calculated
by ImageJ software are 100 and 101 nm (for the control
sample), 184 nm (for 3 mL doped α-MoO3), 309 nm (for 6
mL doped α-MoO3), and 184 nm (for 9 mL doped α-MoO3),
as shown in Figure 4a−d. Variations in the size of nanorods
represent the surface of α-MoO3. The Sm-g-C3N4 nano-
composite had good adhesion, as shown in Figure 4a,b. Upon
loading of Sm-g-C3N4, agglomeration of nanorods may occur
and form a large rod-like lamellar morphology, as shown in
Figure 4c, which may cause a reduction in the surface-to-
volume ratio that limits the efficacy of CA and can be seen in
the catalysis discussion later. Furthermore, microporosity is the
main cause limiting the effect of the nanocatalyst instead of its
large surface area, which prevents the diffusing process of the
reactant.39

The interlayer d-spacing of the synthesized α-MoO3 and Sm-
g-C3N4-doped α-MoO3 nanocomposites were evaluated
through HRTEM images using Gatan DigitalMicrograph
software, as shown in Figure 5a−d. The distances between
the lattice fringes of pure and 3 mL doped α-MoO3 are 0.354
and 0.357 nm well index to the (040) plane of the pristine and
doped α-MoO3 nanocomposite, as shown in Figure 5a,b. The
interlayer spacing of 6 and 9 mL of Sm-g-C3N4-doped α-MoO3
around 0.357 and 0.372 nm (Figure 5c,d) synchronized well
with the XRD results.

The CA analysis of bare and Sm-g-C3N4-doped α-MoO3
nanorods with NaBH4 for RhB diminution was evaluated using
a UV−vis spectrophotometer. The experiment was performed
three times and the absorption data was extracted from the
spectrophotometer. Each sample showed maximal RhB
degradation 46.11 ± 6−66.66 ± 6% in a neutral medium
(pH ∼ 7), 63.42 ± 8−75.71 ± 4% in an acidic medium (pH ∼
3.5), and 63 ± 8−76.14 ± 5% in a basic medium (pH ∼ 11.5),
as shown in Figure 6a−c, respectively. In an aqueous solution,
the RhB dye indicates a maximum absorption peak at 554
nm.40 CA is directly affected by catalyst structure, particle
dimension, and morphology.41 No significant dye reduction
was observed without the reducing agent and nanocatalyst.42

Adsorption happened when a catalyst and a reducing agent
were introduced into the RhB solution. Initially, NaBH4
dissolved in water and dissociated into BH4

−, which acts as
the reductant species, and the RhB dye behaves like an
acceptor when adsorbed on the catalyst surface that acts as an
electronic relay, as shown in Figure S2, which is responsible for
the change of RhB dye into loco RhB (LRhB).43,44 The
adsorption of RhB and BH4

− improved substantial active sites
in nanostructures, which increases the efficiency of dye
reduction.
The cationic character of RhB, which improved the

adsorption capacity on the material surface, is credited with
the reasonable results of CA in a basic medium. Reduced RhB
adsorption on a positively charged surface indicates dye
reduction effectiveness in basic media. The maximum
reduction for the 3 mL doped sample in the basic environment
was related to the excessive activating sites on the catalyst
surface. Significant effects of catalysis are shown in basic media
on account of the stronger electrostatic contact amid the
negatively charged catalyst and the positively charged surface
RhB dye.
It is economically important to examine the stability of the

nanocatalyst. As previously stated, maximum dye degradation
results are produced by CA in the basic media. To examine the
stability of synthesized samples in a basic environment, the
degraded solution in the presence of nanocatalyst was kept in
the dark for 72 h. In this scenario, the dye had been preserved
in dark conditions, and the repeated degradation spectra in
every 24 h were deliberated using a UV−vis spectropho-
tometer, as shown in Figure 6d. According to the results, under
stable conditions for 72 h, no loss in degradation was evaluated
that affirmed the stability of nanocatalysts.
The antimicrobial performance of pristine and doped α-

MoO3 against E. coli was examined in vitro via the agar well
diffusion method, as shown in Figure 7a,b. According to the

Figure 7. Antimicrobial performance of pristine and doped α-MoO3. (a) Inhibition zone measurement (mm) and (b) % efficacy of E. coli.
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results, the calculated inhibition zone for E. coli ranged from
3.65 to 4.95 mm for low doses and 4.45−6.10 mm for high
doses, respectively (Table 1). Considerable % efficacy of pure

and doped α-MoO3 composites was improved against E. coli,
rising from 19 to 30.6% and 42.5 to 55.6% for small and high
doses, respectively, as shown in Figure 7b. In contrast to DI
water (0 mm), the −ve and +ve control ciprofloxacin had an
inhibitory zone of 6.15 mm for E. coli pathogens. Nevertheless,
α-MoO3 is effective against the bacteria E. coli.45

The cell wall of G −ve bacteria is complicated because it
comprises an inner peptidoglycan layer and an outer
lipopolysaccharide layer; E. coli is a complex organism.46

Nanostructures interfere with the functions of cells by
reacting with the amide, phosphate, and carboxyl moieties, and
the cell wall is damaged due to interfacial interactions.47 A
nano−bio interface is crucial for a better understanding of the
bactericidal activity48,42 describing the interaction between a
nanostructure and any living component or biomaterial. In our
research, α-MoO3 and (3, 6, and 9 mL) Sm-g-C3N4-doped α-
MoO3 nanostructures and bacterial strains interact due to their
compact dimension, and considerable surface-to-volume
proportions have been attributed to their ability to kill
bacteria. Sm-g-C3N4 improved the bactericidal efficiency by
enhancing a positive charge on the catalyst surface that
interacts with an oppositely charged membrane, causing
membrane destruction, as shown in Figure S3.16,49 Table 2
presents a comparison of the antibacterial activity of
synthesized NSs with previous research and the results of the
current investigation.

Following that, cells may undergo apoptosis as a response to
the oxidative stress process by an abundance of reactive oxygen
radicals. Increased quantities of ROS like *O2, *OH, and
*H2O2 are produced throughout the chemical process.
According to systematic research, oxygen vacancy has a
significant impact on bactericidal activity.52 The influence of
the α-MoO3 nanostructures enhanced the antimicrobial effect
due to their ability to produce ROS. However, the overactive

ROS can also result in significant oxidative stress.8,53,54 When
α-MoO3, either in its natural state or with Sm incorporation, is
exposed to light with photon energies equal to or exceeding the
energy band gap, electrons undergo a transition from the
valence band (VB) to the conduction band (CB), resulting in
the generation of voids within the valence band. Superoxide
anion radicals (*O2

−) are created when oxygen molecules
capture these accelerated electrons in the CB. Hydroxyl
(OH−) and hydrogen (H+) ions are generated due to the
reaction between water molecules (H2O) and holes (h+) in the
VB. H+ and superoxide anion radicals (*O2

−) combine to
form the hydroperoxyl radical (*HO2) that further reacts with
e− and h+ again, and hydrogen peroxide radicals (*H2O2) are
created. Moreover, the superoxide anion radicals (*O2) and
the hydrogen peroxide radical (*H2O2) can react to form the
hydroxyl ion (OH−), the singlet oxygen (1O2), and the
hydroxyl radical (*OH). All of the reaction mechanisms are
illustrated in eqs 3−8.16

hMoO h e Mo3
6+ + ++ +

(3)

e O O2 2+ * (4)

h HO OH H2+ ++ + (5)

O H HO2 2+ *+ (6)

HO e h H O2 2 2* + + *+ (7)

H O O OH O OH2 2 2 2* + * + +* (8)

The microbicidal potential of metal ion-containing nano-
composites and their interaction with bacteria via electrostatic,
Van der Waals, or aquaphobic forces have been the subject of
extensive research.55,56 The molecular analysis of nanorods
disclosed possible potential associations toward particular
enzyme active sites, as shown in Figure 8a,b. These nanorods
of Sm-g-C3N4-doped α-MoO3 exhibited modest DNA gyrase
binding energies, demonstrating their indispensable H-bond
interaction with Gly75, Thr165, Arg76, and Gly77 with
binding scores of 4.81 (Figure 8a,c), indicating its potential
function as a DNA gyrase inhibitor.
In DHPSE. coli, the docking score was 3.71, and H-bonding

with Arg255, Glu60, and Asn22 (Figure 8b,d) was observed.
Enzyme activity ceases when the substrate cannot access the
active site due to ligand binding. For selected targets, in silico
predictions of their binding patterns in the active pocket
revealed them as effective enzyme inhibitors.
Antioxidant effects of active radical species were studied

using DPPH scavenging activity (Figure 9), which are
interrelated with their potential to transfer hydrogen or
electrons to the DPPH free radical, producing stable
diamagnetic compounds.25,53 All produced samples showed
dose-dependent behavior; however, at a concentration of 150
μg/mL, (0.03:1) NRs scavenged maximum DPPH radicals
(51.89%) by donating hydrogen atoms. The formation of
highly reactive •OH and •O2 radical species that can interact
with the DPPH free radicals results in its degradation, which is
highly correlated with the standard (ascorbic acid). Upon
further addition of Sm-g-C3N4, a significant drop in antioxidant
activity up to 40.5% was observed at the same concentration.
This decrease in antioxidant potential might be attributed to an
increase in turbidity of the test sample, which in turn caused an

Table 1. Bactericidal Potential of Pure and (3, 6, and 9 mL)
Sm-g-C3N4-Doped α-MoO3 NRs

E. coli inhibition zone (mm)

samples 0.5 mg/50 μL 1.0 mg/50 μL
MoO3 3.65 4.45
3 mL 4.05 4.90
6 mL 4.45 5.15
9 mL 4.95 6.10
ciprofloxacin 6.15 6.15
DIW 0 0

Table 2. Literature Comparison of the Antibacterial Activity
of Synthesized NSs with the Present Study

nanocatalyst synthesis route

antibacterial
activity (mm) (E.

coli) references

h-MoO3 chemical bath
deposition

0 50

MoO3 epigallocatechin gallate-
mediated approach

0.25 51

Sm-g-C3N4-
doped α-
MoO3

coprecipitation 6.10 present
work
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antagonistic interaction, resulting in depleted scavenging
activity.1

4. CONCLUSIONS
This study aimed to explore the catalytic capacity and
bactericidal inactivation of Sm-g-C3N4-doped α-MoO3 compo-
sites by an effective, low-cost coprecipitation route. XRD
results confirm the phase transformation from h-MoO3 to
orthorhombic α-MoO3, while absorption analyses of pristine
and doped α-MoO3 show a red shift and describe the
decreasing trend in band gap energy from 2.94 to 2.75 eV,
respectively. All constituent functional groups in the
synthesized samples are confirmed by FTIR analysis and the
further evaluation of elements is verified by EDX spectroscopy.
TEM images provide evidence of the α-MoO3 nanorod-like
structure of all samples, and after doping, high agglomeration
was observed. HRTEM images of pure and 3, 6, and 9 mL of
Sm-g-C3N4-doped α-MoO3 showed lattice fringes at 0.354,
0.357, 0.357, and 0.372 nm respectively, which are well

matched to the (040) plane of the pristine and doped α-MoO3
nanocomposite in XRD patterns. CA against Rhodamine B
(RhB) in basic environments gives maximum results compared
to acidic and neutral environments. The bactericidal efficacy of
(9 mL) Sm-g-C3N4-doped α-MoO3 represents a greater
inhibition zone of 6.10 mm against G −ve E. coli. In silico
assertions concurred with the microbicidal efficacy toward E.
coli and proposed these nanorods as potential DHPS and DNA
gyrase antagonists.

4.1. Challenges and Future Prospects. The low
manufacturing yield of MoO3 remains an obstacle in catalytic
performance; however, these issues could be resolved by
logically designing the structure and elucidating the mecha-
nisms.
Doping produces defects in the structure of g-C3N4-based

materials that enhanced the catalytic and antimicrobial
inactivation. But excessive amounts of doping and defect
may damage the structure of g-C3N4 and reduce the catalytic
activity. It is necessary to find the optimal condition for doping
and resultant defects, which increase the performance of the
synthesized nanocatalyst.
However, despite our research on the absorbing and reacting

characteristics of samarium, many important questions,
especially how imperfections affect the surface response of
samarium oxides in various oxidation states, should be studied.
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Figure 9. Scavenging potential of synthesized NRs.
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