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ic activity and bactericidal
behavior of novel chitosan/V2O5 co-doped in tin-
oxide quantum dots

Muhammad Ikram, *a Iram Shahzadi,b Ali Haider, c Shaukat Hayat,d

Junaid Haider,e Anwar Ul-Hamid, *f Anum Shahzadi,g Walid Nabgan, h

Sobia Dilpazir*i and Salamat Alid

The novel V2O5/chitosan (CS) co-doped tin oxide (SnO2) quantum dots (QDs) were synthesized via co-

precipitation technique. The optical, structural, morphological, and catalytic properties of the concerned

specimens were examined by UV-Vis, PL, FTIR, X-ray diffraction, HR-TEM, and EDS. Structural analysis

through XRD confirmed the tetragonal structure of SnO2; meanwhile, HR-TEM measurements unveiled

quantum dot morphology. Rotational and vibrational modes related to functional groups of (O–H, C–H,

Sn–O, and Sn–O–Sn) have been assessed with FTIR spectra. Through UV-Vis spectroscopy, a reduction

in band-gap (4.39 eV to 3.98 eV) and redshift in co-doped spectra of SnO2 were identified. Both CS/

SnO2 and V2O5-doped CS@SnO2 showed promising catalytic activity in all media. Meanwhile, CS/SnO2

showed higher activity for use in hospital and industrial dye degradation in comparison to dopant-free

Ch/SnO2. For V2O5/CS@ SnO2 QDs, inhibition domains of G –ve were significantly confirmed as 1.40–

4.15 mm and 1.85–5.45 mm; meanwhile, for G +ve were noticed as 2.05–4.15 mm and 2.40–5.35 mm

at least and maximum concentrations, correspondingly. These findings demonstrate the efficient role of

V2O5/CS@SnO2 QDs towards industrial dye degradation and antimicrobial activity.
1. Introduction

Scientists' emphasis has changed progressively toward a clean
and green environment in recent years due to extensive
urbanization and industrialization. Exposure to contaminants
such as oils, leather, paper pulp, dyes, metal ions, and other
pollutants that are dumped into water bodies daily in today's
heavily industrialized civilizations seems to have become
unavoidable for people all over the world.1,2 In order to control
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pollutants that threaten human safety and health, it is neces-
sary to make more optimal and cost-effective use of current
resources. Water contamination is one of the most serious
threats to all living things.3 A small amount (0.02%) of the total
water on the planet is suitable for human consumption.
Unluckily, this small amount is under tremendous threat of
contamination. A report published in May 2018 by the Pakistan
Council of Research in Water Resources stated that by 2025,
Pakistan would have little or no clean water.4 From recent
studies, clean drinking water for this country is available to less
than 20% of its population. Inadvertently, the remaining 80% of
the community absorbs polluted water, primarily due to
sewerage, but also due to pesticides, fertilizers, and industrial
drainage that are discharged into water bodies without proper
treatment of excreting hazardous compounds, resulting in
severe contamination of drinking water.5–7 Aside from the
deaths caused by drinking polluted water, there have been
several cases of tooth and bone disease, hepatitis, diarrhea,
cancers, dysentery and typhoid, and other aquatic illnesses
resulting from drinking contaminated water.6

A variety of traditional approaches have been utilized, such
as coagulation,8 evaporation,9 biological treatment,10 ltration,
advanced oxidation process,11 electrochemical, photocatalysis,12

adsorption,13 and ion exchange14 for the elimination of these
contaminants (color dyes) from waste-water.15 The main issue is
that these traditional methods are costly as applied on large
RSC Adv., 2022, 12, 23129–23142 | 23129
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scales. Regarding this, researchers recently adopted various
adsorbents, for example, zeolite, semiconductors, activated
carbon, polymers, and carbon nanotube-based materials. The
adsorption technique can be extensively utilized to degrade
different reactive dyes in wastewater treatment.13,16–19 Proper dye
treatment, including catalytic degradation and adsorption, is
recommended for the removal of methylene blue (MB) dye to
improve life quality. Adsorption is cost-effective; however,
catalyst recovery is difficult and can result in hazardous
compounds. Even while catalytic degradation is a little more
costly, it is also rather simple and has the advantage of being
recyclable.20 Extensively used oxides semiconductor (CeO2,
TiO2, NiO, ZnO, CuO, SnO2, CaO, and Fe2O3) has been reported
as novel catalysts for organic dye degradation due to their toxin-
free nature, chemical stability, high activity, as well as cost
benets.21 Among all of the aforementioned, SnO2 is especially
benecial due to the fact that it is an n-type semiconductor with
a large band gap (Eg) ranging from 3.6–4.37 eV.22 SnO2 pos-
sessing variety of potential applications in different elds such
as photocatalysis, rechargeable, electrodes, etc.23

Chitosan (CS)-doped QDs are currently gaining tremendous
attention in catalytic MB dye degradation because of their low
immunogenicity, biodegradability, cost-effective biocompati-
bility, and non-toxic nature.24,25 Chitosan is a semi-crystalline
polymer with strong hydrogen bonding between inter and
intra-molecules. Chitosan is a biocompatible, stable, biode-
gradable, safe, and bioactive polysaccharide. Chitosan is easily
possible for chemical modication due to the presence of
hydroxyl (O–H) and reactive amino groups.25 Catalyst immobi-
lization on the polymer surface may provide an additional
benet as high adsorption capacity, increased catalytic activity,
and high reusability.12 Chitosan is a promising candidate (as
a host polymer) for chitosan-based QDs synthesis due to the
abovementioned characteristics.

Furthermore, few attempts have been conducted with the
doping of SnO2 QDs by transition metals ions (TMI), including
cobalt, nickel, chromium, magnesium, and vanadium (V2O5),
aiming to boost SnO2 photo response from ultra-violet to
visible-region.26,27 Specically, V2O5 could be easily incorporated
into SnO2 QDs as an ionic radius of (V5+/Sn4+) ¼ 0.59/0.69 A,
which is smaller than un-doped Sn4+ ion.28 The V2O5 doped
SnO2 catalytic activity is expected to demonstrate promising
activity due to its capacity to gain/lose oxygen. Additionally,
adding different vanadium amounts in SnO2 may be efficiently
extended SnO2 absorption edge in visible region; as a result,
catalytic activity increases.28 Therefore, loading of V2O5 into
host SnO2 is tried in the present work.

Despite its thermal stability and low reactivity, SnO2 has
received little attention in antibacterial and catalytic degrada-
tion applications. To efficiently boost the uses of SnO2 nanorods
(NRs) in this affection, V2O5 and chitosan have been incorpo-
rated into SnO2 lattice. In current work, we have synthesized 2
and 4% V2O5/CS co-doped SnO2 QDs using a cost-effective and
ecofriendly co-precipitation process and various characteriza-
tion tools employed for detailed analysis (TEM, XRD, EDS, FTIR,
PL, and UV).
23130 | RSC Adv., 2022, 12, 23129–23142
2. Experimental section
2.1 Materials

Stannous chloride dihydrate (SnCl2$2H2O, 98%), chitosan
(C6H11NO4)n, sodium hydroxide (NaOH, 98%), and vanadium
oxide (V2O5, 99.6%), sodium borohydrate (NaBH4, 99.5%) have
been procured from Sigma-Aldrich.

2.2 Synthesis of tin oxide

Tin oxide (SnO2) was synthesized via a doping co-precipitation
approach by stirring 0.5 M SnCl2$2H2O in deionized water
(100 mL) for 40 min at 80 �C. Dropwise addition of 0.5 M of
NaOH solution was used to maintain the pH 12 of the stirred
solution. Aer 2 hours of heating, the solution was collected,
centrifuged at 7100 rpm and washed several times for �10 min.
Consequently, the pellet obtained form centrifuged solution
was heated (90 �C, 10 hours). Finally, SnO2 nanomaterials (NPs)
were annealed at 350 �C for 120 min and ground to attain ne
powder, as unveiled in Fig. 1.29

2.3 Synthesis of vanadium/chitosan co-doped tin oxide

Firstly, 0.564 g of chitosan (CS) was added in 40 mL of
deionized water under continual magnetic stirring (30 min, 80
�C) to form a homogeneous solution. Aerward, this homo-
geneous solution was incorporated in SnO2 solution, as
prepared above. Secondly, various amounts (2%, 4%) of V2O5

were poured into chitosan-doped SnO2 solution and stirred for
30 min. Adjusted the pH 12 using NaOH, harvested the
synthesized product by centrifugation, then calcined at 350 �C
for 120 min to prepare the nanocomposites powder. These
synthesized samples are represented as SnO2, CS@SnO2, and
V2O5 (2 and 4%), where 2% and 4% correspond to different
concentrations of V2O5 doped in a xed concentration of
CS@SnO2, as revealed in Fig. 1.

2.4 Isolation and identication of S. aureus and E. coli

Mastitis-positive sheep milk samples have been collected from
different farms and veterinary clinics in Punjab, Pakistan, and
cultured on 5% sheep blood agar (SBA). Cultured specimen
plates were incubated at �37 �C for 12 hours. Segregated
bacterial isolates were puried by streaking in triplets on Mac-
Conkey and mannitol salt agar (MCA and MSA), correspond-
ingly at �pH 7. Morphological studies (Gram staining) and
biochemical analysis (coagulase and catalase tests) were
employed to identify isolated colonies.

2.5 Antimicrobial activity

As concerned, specimens were deployed to assess bactericidal
action against Gram –ve and Gram +ve bacteria via agar well
diffusion procedure at cultured Petri plates swabbed with 0.5
McFarland bacterial growth.30 A sterile cork borer was utilized to
prepare wells having 6 mm diameter on MCA and MSA plates;
meanwhile, aseptically prepared wells were lled with varying
concentrations of pristine and co-doped SnO2 (0.5 and 1.0 mg/
0.05 mL) as the minimum and maximum doses, respectively, in
© 2022 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 Schematic illustration of preparation and structure of V2O5/chitosan co-doped SnO2.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

6 
A

ug
us

t 2
02

2.
 D

ow
nl

oa
de

d 
on

 4
/4

/2
02

6 
3:

40
:3

8 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
contrast with ciprooxacin (0.005 mg/0.05 mL) and DI water
(0.055 mL) as positive and negative controls, respectively.
Antimicrobial efficacy was determined through the Vernier
caliper by measuring inhibition areas in millimeters (mm) aer
overnight incubation at �37 �C.31
Fig. 2 Diffraction pattern (a) FT-IR spectra (b) of SnO2, CS/SnO2 and (2
pristine, CS/SnO2 and co-doped SnO2.

© 2022 The Author(s). Published by the Royal Society of Chemistry
2.6 Catalytic activity

The MB dye has been employed to study the catalytic activity
(CA) of pure SnO2, CS@SnO2, and co-doped SnO2 QDs in
a solution containing a specic amount of NaBH4 (800 mL, 400
mL) as a reducing agent, respectively. As pure and co-doped QDs
, 4%) V2O5/SnO2/CS, respectively, meanwhile (c–e), SAED patterns of

RSC Adv., 2022, 12, 23129–23142 | 23131

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d2ra03975c


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

6 
A

ug
us

t 2
02

2.
 D

ow
nl

oa
de

d 
on

 4
/4

/2
02

6 
3:

40
:3

8 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
added to a solution with MB and NaBH4, a promising deterio-
ration was noticed. UV-vis absorption measurements ranging
from 200 to 800 nm were used to conrm considerable dye
degradation. Dye degradation is inuenced by particle size;
smaller particles have a higher surface-volume ratio, resulting
in improved catalytic activity.12,32
3. Results and discussion

The synthesized CS@SnO2, and (2, 4%) V2O5/CS-doped and
undoped SnO2 quantum dots (QDs) have been characterized
utilizing the XRD technique and corresponding results as
shown in Fig. 2a. The seven diffraction peaks with 2q� values of
26.74�, 31.64�, 33.21�, 38.12, 51.9�, 56.64�, 62.02�, and 65.24�

corresponding to pristine SnO2 crystal planes of (110), (212),
(101), (200), (211), (220), (310), and (301), respectively and con-
rming SnO2 tetragonal structure.33 These analytical ndings
matched with the XRD data le of SnO2 (JCPDS No. 41-1445).34

Besides, additional diffracted peaks at 2q� ¼ 30� (101) and 45�

(200) crystal planes indicated the presence of SnO (JCPDS-01-
085-0423).35 For CS-doped SnO2 sample, a new emerging peak at
�19.2� was found (marked by a red star).36 However, adding
V2O5 (2 and 4%) into CS@SnO2 QDs, no extra peak related to
V2O5 was noticed, but peak intensity was reduced compared to
undoped SnO2. This preliminary conrms successfully doping
Fig. 3 UV-vis (a), band gap energy (b), PL spectra (c) of bare and doped

23132 | RSC Adv., 2022, 12, 23129–23142
(2 and 4%) V2O5 into CS@SnO2. A decrease in the intensity of
the peak implies a decrease in the crystallinity of the material.
Average crystallite size D for undoped and co-doped SnO2 was
calculated with the Debye–Scherer formula and found to be
7.52, 9.18, 11.71, and 12.63 nm, respectively, might be close to
earlier reported work.

D ¼ kl

b cos q

where D denotes the crystal size (nm), and k is constant relating
to the crystallite shapes (0.9), wavelength for X-rays is l ¼
1.54056 Å, q is scattering angle (in radians), b is the full peak
width at half maximum (FWHM) has the highest intensity (212),

Fig. 2b demonstrated the FTIR spectrum of pristine SnO2

and (2, 4%) V2O5/CS co-doped SnO2, correspondingly ranging
from 500 to 4000 cm�1. The broadband 3516 cm�1 and the band
1649 cm�1 identied in the synthesized specimens are ascribed
to stretching of O–H groups, which may be caused by adsorbed
water molecules vibration.37 The sharp peak at 618 cm�1

corresponds to the SnO2 framework vibrations; meanwhile,38

the peak area �1422 cm�1 unveiled bending vibrations of
CH2.37,39,40 A small peak exing found around 493 cm�1 is
inclined to Sn–O stretching vibration. Similarly, a new peak for
CS@SnO2 is found at �1320 cm�1 due to secondary and tertiary
amide functional groups. Aer (2%) V2O5 incorporation in CS/
SnO2, respectively.

© 2022 The Author(s). Published by the Royal Society of Chemistry
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SnO2 QDs, a new peak appeared at 928 cm�1 for the vanadium
doped contents.41 The vibrations in co-doped spectra and
changes in peak intensities again supported the substitution of
V2O5/CS into SnO2 successfully. SAED (Selected Area
Fig. 4 EDS profiles of SnO2 (a), CS@SnO2 (b), and 2, 4% V2O5/CS-doped

Fig. 5 HR-TEM images of (a) pure SnO2, (b) CS/SnO2, and (c–d) (2, 4%)

© 2022 The Author(s). Published by the Royal Society of Chemistry
Diffraction) images of bare SnO2, CS@SnO2, and V2O5/CS co-
doped SnO2 samples are expressed in Fig. 2c–e. With diffrac-
tion planes, images of concerned specimens were indexed as
(101), (110), (211), and (220), respectively, and these circular
SnO2 (c, d) samples, respectively.

V2O5/SnO2/CS, respectively.

RSC Adv., 2022, 12, 23129–23142 | 23133
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rings with bright spots demonstrated the polycrystalline nature
of SnO2. With the incorporation of V2O5 and CS, the crystallinity
of concerned samples was enhanced, conrmed by XRD nd-
ings, which show SnO2 tetragonal structure.

UV-vis spectra have been recorded to examine optical
absorption features and the inuence of CS and V2O5 on SnO2

in absorption wavelengths 300–675 nm. Characteristics peak for
SnO2 was stationed �285 nm as unveiled in Fig. 3a and
compared with pristine SnO2, slight redshi for CS@SnO2 QDs
Fig. 6 Interlayer d-spacing images of SnO2 (a), CS/SnO2 (b), and (2, 4%)

Table 1 Antibacterial efficiency of SnO2, CS@SnO2, and co-doped SnO

Samples

Inhibition zonea (mm)

0.5 mg/50 mL 1.0

SnO2 0.80
CS@SnO2 1.40 1.85
(2%) V2O5/CS@ SnO2 3.35 3.95
(4%) V2O5/CS@ SnO2 4.15 5.45
Ciprooxacin 5.35 5.3
DIW 0 0

a Measurement of inhibition domains against G �ve. b Inhibition areas (

23134 | RSC Adv., 2022, 12, 23129–23142
was occurred meanwhile, upon adding of (2, 4%) V2O5, sharp
redshi was noticed referring to further band gap (Eg)
decrease.42–44 Additionally, upon vanadium doping, the
absorption improved as the concentration increased from 2 to
4%. This absorption may be ascribed to the sp-d exchange
interaction between band electron and the localized d-electron
of V5+ ions substituting on Sn4+ ions.45 The Eg values were
determined through the Tauc plot. Meanwhile, graphs for SnO2,
CS@SnO2, and co-doped SnO2 QDs were displayed for (ahv)
V2O5/SnO2/CS (c, d), respectively, d spacing scale bar 5 nm.

2

Inhibition zoneb (mm)

mg/50 mL 0.5 mg/50 mL 1.0 mg/50 mL

2.05 2.40
2.55 3.35
4.15 5.35
6.10 6.10
0

mm) for G +ve.

© 2022 The Author(s). Published by the Royal Society of Chemistry
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versus (hv) as divulged (Fig. 3b). The Eg of SnO2 sample was
calculated as 4.39 eV, which agreed with the values reported by
Zhenxing Li et al., meanwhile, aer CS and V2O5 dopants, Eg
decreased up to 3.98, 4.17, and 4.29 eV, respectively, for
CS@SnO2 and co-doped SnO2. This reduction in Eg may be s-
d and p-d exchange interaction, giving rise to +ve and �ve
correction to valence and conduction band edges, respectively,
and resulting in a narrowing in Eg.45

To investigate the optical characteristics, energy levels and
quantum connement phenomena of semiconducting nano-
composites and the presence of possible defects caused by
dopants and surfactants, PL spectra were obtained ranging
from 420 to 600 nm with an excitation wavelength of 325 nm
under an ambient condition. Furthermore, emission can be
ascribed to un-resolved states as pumping promotes excitons to
attain two or more than two ē–h+ pairs because of the coulomb
effect, which increases photoemission. Also, lower emission
corresponding results demonstrate a less intense band and
indicate lower ē–h+ carrier recombination.46 Fig. 3c demon-
strated the PL spectra of SnO2, CS@SnO2, and (2, 4%) V2O5/CS
co-doped SnO2 QDs, respectively. The concerned samples
revealed a visible emission centered about �434 nm. This blue
emission was noticed due to electron transfer from ionized
oxygen to the valence band.47,48 However, upon (2 and 4%) V2O5

doping in CS@SnO2, visible emission peak intensity (439 nm)
becomes lower than pure SnO2. The oxygen transfer from the
V2O5 lattice to oxygen vacancies in the SnO2 lattice may explain
this.48,49 The pentavalent character of the V5+ ions loaded in
vanadium-doped SnO2 lattice allows oxygen to ow from V2O5

sites, resulting in a decrease in oxygen vacancy for vanadium-
infused SnO2 lattice.49

Energy dispersive X-ray spectroscopy (EDS) has been carried
out for element content conrmation and additional features of
as-prepared SnO2, CS@SnO2, and (2, 4%) V2O5/CS-doped SnO2

(Fig. 4a–d). EDS analysis unveiled the presence of Sn, O, C, Cl,
and V peaks which described that the concerned nanoparticles
are pure. Impurity peaks such as Na and Cl were detected in all
synthesized materials that may come from NaOH solution used
to retain pH and Cl occurred during the synthesis of SnO2 from
SnCl2$H2O, respectively. Minor trace of Au peak instigated from
the coating and holder utilized for the EDS observation.50 This
showed the successful formation of SnO2 and co-doped SnO2

samples.
HRTEM images in Fig. 5(a–d) show the morphological

features from SnO2 to 4% V2O5/CS co-doped SnO2, respectively.
High-resolution TEM micrographs of synthesized samples
revealed that the material has a 0D nature and conrmed the
evolution of QDs, as illustrated in Fig. 5(a–d). QDs of CS-doped
SnO2 are present in spherical structure (Fig. 5b) while in the
presence of 2% vanadium QDs in the porous structure. The
morphologies of QDs conrm that particle size increase with
V2O5 incorporation into SnO2 QDs. Particle sizes of SnO2, CS/
SnO2, and (2, 4%) CS/V2O5/SnO2 QDs were measured through
TEM and found to be 9.21, 11.37, 13.86, 15.14 and 17.45 nm,
respectively which revealed a signicant increase from 9.21 to
17.45 nm. HR-TEM micrograph indicated the slight agglomer-
ation aer 4% vanadium doping, as depicted in Fig. 5d.
© 2022 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2022, 12, 23129–23142 | 23135

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d2ra03975c


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

6 
A

ug
us

t 2
02

2.
 D

ow
nl

oa
de

d 
on

 4
/4

/2
02

6 
3:

40
:3

8 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
Meanwhile, d-spacing of pure and doped samples was calcu-
lated, and these values (0.27, 0.29, 0.34 and 0.37 nm) are well-
matched with XRD results (Fig. 6a–d)

The in vitro bactericidal potency for un-doped SnO2,
CS@SnO2, and (2, 4%) V2O5/CS-doped SnO2 QDs was evaluated
via measuring inhibition areas utilizing a well diffusion proce-
dure against Escherichia coli (E. coli) and Staphylococcus aureus
(S. aureus), as revealed in Table 1. According to the ndings, the
concentration and inhibition zones (mm) were synergistic with
each other. For V2O5/CS@ SnO2 QDs, inhibition domains of G
–ve were signicantly conrmed as (1.40–4.15 mm) and (1.85–
5.45 mm); meanwhile, for G +ve were noticed as (2.05–4.15 mm)
and (2.40–5.35 mm) at least and maximum concentrations,
correspondingly. Broadly, null activity was measured for SnO2

to S. aureus at a minimum and maximum concentration.
Compared to deionized water (DI) (0 mm), ciprooxacin pre-
sented 5.35- and 6.10 mm inhibition domains against E. coli
and S. aureus, respectively. The antibacterial activity is reviewed
in light of the previous ndings presented in Table 2.
Fig. 7 Bactericidal mechanism exhibited by the prepared Pristine and c

23136 | RSC Adv., 2022, 12, 23129–23142
The exact mechanism of the action of the SnO2 QDs against
different microbial strains (E. coli and S. aureus) is currently
unknown. However, a number of mechanisms against both
these bacteria have been recommended for metal oxide QDs, for
example, decomposition of QDs, smaller particle size or large
surface area of QDs, electrostatic interaction of QDs to the
microorganisms cell wall, and reactive oxygen species (ROS)
formation.51–55 According to the ndings of the current investi-
gation, one possible explanation for the antibacterial activity of
SnO2 QDs is the accumulation of QDs on the surface of the
bacterial cell membrane. As a consequence of QDs, ROS is
produced, which interacts with the cell membrane and affects
the bacterium's membrane permeability and respiratory
system, ultimately leading in cell death of the bacteria.51,56–58 For
instant, Khan et al. proposed that the release of Co2+ and Sn4+

may be cause for damaging mitochondria and bacterial DNA,
which inactivate the bacterial enzyme and eventually lead to cell
death (Fig. 7).59
o-doped SnO2.

© 2022 The Author(s). Published by the Royal Society of Chemistry
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3.1 Catalytic activity

The catalytic activity of undoped, CS@ SnO2 and V2O5/CS doped
QDs was carried out for the methylene blue (MB) degradation
acts as an oxidizer in the manifestation of reducer NaBH4 (Fig.
9). In current work, the as-synthesized specimens act as a cata-
lyst. This activity completely relies on the concentration of the
catalyst as it strengthens the dye degradation because the
catalyst always minimizes the activation energy of a chemical
reaction.32 For the catalysis, 400 mL of sodium borohydride
(NaBH4) was added to 3 mL aqueous MB in a quartz cell.
Catalytic activity usually depends on the surface area, crystal-
linity, and morphology of QDs. In general, the catalyst having
a wide surface area has shown higher catalytic effectiveness
because the catalyst may provide more active sites,60,61 and the
pH of the solution has a signicant impact on degradation
efficiency. In acidic media, catalytic activity was higher, which
might be assigned to increased H+ ions production absorbed by
the surface of the nanostructure. The number of hydroxyl
groups in NaOH (basic medium) increases, causing reduced
products to be oxidized and catalytic activity to be diminished.
The dye degradation of (MB) was investigated using UV-vis
spectroscopy during the catalysis process of pure and co-
Fig. 8 The catalytic activity of SnO2, CS@SnO2, and V2O5/CS-SnO2 with
respectively.

© 2022 The Author(s). Published by the Royal Society of Chemistry
doped QDs. The SnO2, CS@SnO2, V2O5/CS doped SnO2

showed degradation of 50.29, 98.81, 58.87 and 54.87% in
neutral medium (pH ¼ 7), 48.99, 99.89, 59.45, and 47.25% in
acidic medium (pH ¼ 4), and 36.94, 99.3, 92.46, and 53.73% in
basic medium (pH ¼ 12), respectively as express in Fig. 8a, b, c.
Both trapping and de-trapping for the charge carrier divulged by
V2O5/Ch co-doped SnO2 catalyst may be accounted to its elec-
tronic conguration. V5+ possessing completely ‘s’ and ‘d’
orbital that are in stable form. As V trapping the electron (e�)/
holes the stability may be disturbed and V dopant conquers
the stable state via detrapping it and this form of trapping is
termed as shallow trapping. Trapping and de-trapping boost up
interfacial charge transfer phenomena leading to the excess
generation of super oxide and hydroxyl radicals. Therefore it
can be concluded that the prerequisite condition for the dopant
to be effective lies in its optimum concentration which facilitate
the formation of appropriate dopant energy levels and surface
states for the smooth migration of charge carriers.62 A
comparison of degradation rate (%) over the previously reported
nanomaterials is displayed in Table 2.

As depicted in Fig. 10a–c, XPS was used to determine the
chemical structure of V2O5/Ch co-doped SnO2 to validate V2O5
vanadium ratio (2, 4%) neutral, acidic, and basic medium (a, b and c),

RSC Adv., 2022, 12, 23129–23142 | 23137
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Fig. 9 Schematic illustration of catalysis of co-doped SnO2.

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

6 
A

ug
us

t 2
02

2.
 D

ow
nl

oa
de

d 
on

 4
/4

/2
02

6 
3:

40
:3

8 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
doping. For doped material, the measured O 1s binding energy
has a strong peak at 530.65 eV, which strongly corresponds to
the value for SnO2. The second peak at 531.8 eV may be attrib-
uted to an O–C bond68 or to O2� in oxygen-decient regions, as
Fig. 10 XPS spectra of CS@V2O5 co-doped SnO2 (a) C 1s of SnO2, (b) S

23138 | RSC Adv., 2022, 12, 23129–23142
shown in Fig. 10(a).69 Principal highs Sn4+ 3d5/2 (486.2 eV) and
Sn4+ 3d3/2 (494.6 eV) were attributed to SnO2, proving its exis-
tence.70 Moreover, the peaks of Sn2+ 3d5/2 and Sn2+ 3d3/2 were
found in V2O5/Ch co-doped SnO2 samples, indicating that Sn4+
n 3d and (c) V2p3/2.

© 2022 The Author(s). Published by the Royal Society of Chemistry
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ions were partially reduced to Sn2+ during doping process, as
shown in Fig. 10(b).71 The core level binding energies of the
V2p3/2 spectrum shown in Fig. 10c are split into two peaks at
517.40 eV and 515.80 eV, which correspond to V5+ and V4+

species, correspondingly.72
4. Conclusion

In current study, we have effectively prepared pure SnO2 and 2,
4% V2O5/CS co-doped SnO2 QDs for catalytic activity and
bactericidal action using a co-precipitation approach. XRD
analysis of synthesized samples conrmed that the tetragonal
structure and crystallite size increased (7.52 to 12.63 nm) upon
co-dopants in SnO2. The SnO2 presence was conrmed through
Sn–O stretching vibration in FTIR. The absorption increased
upon doping; therefore, a reduction in band gap energy was
observed from 4.39–4.29 eV with 4% V2O5/CS doping in SnO2.

HR-TEM and EDS analysis conrmed the formation of the
quantum dots and the SnO2 QDs. The results found to be
synergistic with the concentration and inhibition zones (mm)
identied. The CS@SnO2 sample demonstrated promising
degradation against MB dye in all three media (neutral, acidic,
and basic) 98.81, 99.89, and 99.3%, respectively, compared to
pristine and (2, 4%) V2O5/CS co-doped SnO2. The current study
V2O5/CS co-doped SnO2 showed good antibacterial and catalytic
efficacy in treating industrially polluted wastewater and
biomedical applications.
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