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Abstract

Metal oxide nanoparticles are capable of successfully inhibiting bacterial strains. Among the several transition
metal atoms, iron (Fe) looks to be a viable dopant since iron oxide has been used a lot in biomedical research
due to its biocompatibility and magnetic properties. In order to boost its antibacterial activity and facilitate
the entry of nanoparticles into bacterial cells, Cd,SnO, has been selectively doped with Fe. The chemical
precipitation method was used to synthesize Cd,SnO,and Fe-doped Cd,SnO, nanoparticles for antibacterial
activity. To the best of our knowledge, there is no report is available on the antibacterial activity of undoped
and Fe-doped cadmium stannate nanoparticles against salmonella typhi. The nanoparticles formed are in
the cubic phase, according to the XRD results, the size of the crystallites is seen to grow as the increase in Fe
concentrations. By using the Well diffusion method, the antibacterial properties of synthesized nanoparticles
were examined against two human pathogens, including staphylococcus aureus and salmonella typhi. Both
undoped and Fe-doped Cd,SnO, nanoparticles have antibacterial action that inhibits pathogen growth,
according to antibacterial tests, which have shown the presence of a zone of clearing surrounding the well.
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INTRODUCTION

A contemporary branch of study known as
nanobiotechnology seeks the unique physical,
chemical, and biological characteristics of
nanostructures and their uses in a variety of
industries, including agriculture and medicine
[1]. Global public health is seriously threatened
by the spread of infectious diseases in general,
particularly by the rise of bacterial strains that are
resistant to antibiotics. Gram-positive and Gram-
negative bacterial strains are generally observed
as serious public health issues [2]. Gram-negative
bacteria called salmonella typhi (s. typhi) can infect
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both the blood and the digestive system. Milder
illness of typhoid fever is caused by the s. typhi
bacteria [3]. One of the most dangerous bacteria
for humans is staphylococcus aureus (s. aureus).
It can cause a wide range of illnesses in people,
from basic, benign infections like boils, carbuncles,
styes, and abscesses to some serious, fatal illnesses
like sepsis, meningitis, and pneumonia [4].
Bacterial strains can be effectively inhibited
by metal oxide nanoparticles. The antibacterial
effectiveness of metal oxide nanoparticles is
influenced by factors such as particle size, light
exposure, aqueous medium composition, etc.
Bacterial attachment of nanoparticles is caused
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by electrostatic interactions. As a result of these
interactions, bacteria  experience oxidative
stress and changes in the integrity of their
cell membranes. [5-7]. The creation of metal
oxide nanoparticles that are stable enough to
significantly restrict bacterial growth in the
nutrient medium is very difficult.

Cadmium Stannate (Cd,SnO,) is an n-type
semiconductor. The high charge carrier density
(~10% cm?), high mobility (~100 cm? V's?) low
visible light absorption and chemical stability
are the special features of the materials.
Various methods are used to synthesize Cd,SnO,
nanoparticles, such as solution combustion
method, hydrothermal method, sol-gel method,
solid-state reaction method and chemical
precipitation method [8-13], etc. Iron (Fe) appears
to be a promising dopant among the numerous
transition metal atoms since iron oxide has been
employed extensively in biomedical research
because of its biocompatibility and magnetic
characteristics [14]. Iron, a vital nutrient, is
captured by siderophores made by bacteria. Due
to this, Cd_SnO, has been specifically doped with
Fe to increase its antibacterial action and make
it easier for nanoparticles to enter bacterial cells
[15].

Therefore, in this work, undoped and
Fe-doped Cd,SnO, nanoparticles (NPs) are
synthesized using a chemical precipitation process
at different Fe concentrations (1%, 5%, and 10%).
Systematic research is done on the structural,
surface morphological, chemical, optical, and
antibacterial characteristics. Undoped and Fe-
doped Cd,SnO, NPs have the ability to inhibit the

growth of the two main human infections, gram-
positive staphylococcus aureus and salmonella
typhi (gram-negative bacteria). In this study, the
antibacterial activity of Fe-doped Cd,SnO, NPs
was reported for the first time. To the best of our
knowledge, there have not been many reports on
the antibacterial activity against salmonella typhi.
The findings demonstrated that the antibacterial
activity increased with increasing Fe-dopant
concentrations.

MATERIALS AND METHODS
Synthesis of cadmium stannate nanoparticles
Both undoped and Fe-doped Cd,SnO,
nanoparticles have been synthesized using the
chemical precipitation approach. The following
precursors were bought from Isochem Laboratories
in India: Cd (CH,CO0),.2H,0 (Cadmium Acetate
Dihydrate), SnCL.2H,0 (Tin Chloride Dihydrate),
and FeCl, (Ferric Chloride). Separately, 100 ml| of
deionized water was used to dissolve 1M each
of Cd (CH,COO0),.2H,0 and SnCl,.2H,0 by stirring
continuously for an hour. One weight percentage
of ferric chloride was added and continuously
stirred for an hour in 100 ml of deionized water.
The three solutions were then aggressively
combined for two hours, and 1 M KOH solution
was then gradually added until a cloud colour
mixer was attained. The precipitate was repeatedly
rinsed with deionized water and then placed on a
heating mantle until the dry powder was formed.
The produced nanoparticles were annealed at
800°C for 1 hour to get the desired nanostructure.
The same procedure was done with FeCl, at 5
and 10 weight percentages. Fig.1. represents a
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Fig. 1. Schematic representation for the synthesis of Fe-doped Cd,SnO, NPs by chemical precipitation method.
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Schematic representation for the synthesis of Fe-
doped Cd,SnO, NPs by the chemical precipitation
method.

Characterization

Studies using the XRD, FESEM, EDAX, HR-
TEM, UV-Visible, PL, FTIR, and XPS techniques
were used to characterize the undoped and Fe-
doped samples. The samples were recorded
using a powder X-ray diffractometer (PANalytical
X’'Pert PRO) to assess the phase and crystallinity.
The field emission scanning electron microscope
was used to describe the nanoparticles’ surface
morphology (Carl Zeiss, SUPRA 55VP). High
resolution transmission electron microscope
imaging with SAED patterns was used to acquire
crystal structure imaging of a sample at the atomic
level (JEOL-2100 Plus). A Thermofisher Evaluation
220 spectrophotometer was used to evaluate
the samples’ UV-Visible absorption spectra. The
Varian Cary Eclipse Spectroflurometer was used to
capture photoluminescence emission spectra.

Evaluation of antibacterial activity

By using the well diffusion method, the
antibacterial properties of nanomaterial were
examined against two human pathogens, namely
salmonella typhi (MTCC 733) and staphylococcus
aureus (ATCC 700699). The Microbial Type
Culture Collection (MTCC), Institute of Microbial
Technology in Chandigarh, India, is where
the human pathogenic microorganisms were
collected. In Luria Bertani broth (LB), the pure

bacterial culture was cultured for 24 hours at 37°C.
On Muller-Hinton agar medium (MHA), undoped
and Fe-doped Cd,SnO, nanoparticles were
examined for antibacterial activity using the agar
well diffusion method at various doses, including
15, 20, 25, and 30 g/ml. In this investigation,
erythromycin was utilized as a positive control.
Using sterile buds and a sterile cork borer, the
overnight human bacterial pathogens were
swabbed onto MHA plates to create 9 mm
diameter wells. Different concentrations of the
nanomaterials and the negative controls were
added to the agar well. At room temperature,
the plates were incubated for 24 hours. The Petri
plates were removed from the incubator after the
incubation period had ended, and the diameters
of the zones that had formed around the wells
were measured and noted.

RESULTS AND DISCUSSION
XRD analysis

The XRD diffraction analysis is performed to
analyse the effect of Fe dopant concentrations
on the crystal phase and structural properties of
undoped and Fe-doped Cd,SnO, nanoparticles.
Fig. 2(a) shows the XRD pattern of undoped and
Fe-doped (1 wt%, 5 wt% and 10 wt%) Cd,SnO,
nanoparticles and Fig. 2(b) shows the JCPDS
patterns. The XRD pattern shows the synthesized
nanoparticles are crystalline in nature, which
increases as the dopant concentration increases.
The XRD pattern of the undoped Cd,SSnO,
nanoparticles is in a mixed phase with the cubic
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Fig. 2. XRD patterns of (a) undoped and Fe-doped (1 wt%, 5 wt% and 10 wt%) Cd,SnO, nanoparticles (b) JCPDS patterns.
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crystal structure. The peaks observed at 26.402,
37.93¢, 54.77°, 57.922 and 64.75° with (1 1 0),
(200),(220),(002)and (11 2)planes of SnO,
(JCPDS File No. #21-1250) [9]. The diffraction
peak at 66.082 is associated with (5 3 3) plane
of Cd,SnO,. The diffraction peaks at 33.882 and
51.832 be associated with the (2 2 2), (5 1 1)
planes of Cd,SnO, and/or possibly with the (1
0 1), (2 1 1) SnO, plane [16]. The sample at 1
wt% Fe concentration shows no change in their
prominent peaks, which showed no change in
the phase of the nanoparticles. The increase in
FWHM and decrease in the intensity of the peaks
confirm the incorporation of Fe** ions into Cd,SnO,
nanoparticles. The Fe doping concentration was
increased to 5 wt% the additional low intense
peaks are observed at 29.852, 32.902 and 45.80¢
corresponding to (0 1 3), (1 2 2), (2 0 3) of Fe,0,.
(JCPDS File No. # 89-7047).

Further, the doping concentration was
increased to 10 wt% the intensity of the peaks
corresponding to the Fe,0, got increased. The
FWHM values of all peaks were also reduced,
confirming the increase in the crystalline nature of
the nanoparticles [17].

The average crystallite size (D) of the Cd,SnO,
nanoparticles was calculated using the Debye-—
Scherrer’s Egn. (1) as:

kA

D:,H cos@ (@)

Where D, A, k and g are the average crystallite

size, wavelength of radiation (1.5406 A), constant
(0.94), B full width at half maximum and q is
Bragg’s angle respectively. The dislocation density
(6) and microstrain (g) were also determined using
the Eqns. (2) & (3) as:

1
i~ ()
o p c:s 0 (3)

From Fig. 3, it was found that the grain
size increased with Fe dopant concentrations.
Dislocation density and microstrain decrease with
increasing Fe dopant concentrations. The various
structural parameters calculated from XRD are
presented in Table 1.

SEM with EDAX analysis

The SEM image of Fe-doped Cd,SnO,
nanoparticles shows the agglomerated particles’
uneven distribution. With increasing Fe-dopant
concentrations, the agglomeration rate rises even
more. This increase in agglomeration is primarily
attributable to the nanoparticle’s higher surface
free energy and larger surface area, which are more
likely to agglomerate as a result of the stronger
attractive forces that the surface atoms exhibit.
[18]. With increasing doping concentration,
the grain size and crystallinity of the Fe-doped
Cd,SnO, NPs increase, which is reliable with the
findings of the XRD results. Fig. 4(a-c) shows
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Fig.3. Doping concentrations versus particle size, dislocation density and microstrain of Fe doped Cd,SnO, nanoparticles.

Table 1. Structural parameters of Fe doped Cd,SnO, nanoparticles.

Fe dopant Concentration Particle size  Dislocation density ~ Microstrain
(nm) (x10% lines/m?) (x1079)
1% 31 0.99 0.067
5% 33 0.92 0.066
10 % 42 0.58 0.050
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the FESEM images of 1 wt%, 5 wt% , 10 wt% Fe
doped Cd,SnO, NPs. EDAX spectra matching Fig.
4(d) depiction of the components Cd, Sn, Fe,
and O verified their presence as significant trace
elements. The estimated percentage of weight
was inserted in table.

HR-TEM analysis

The HR-TEM picture and lattice fringes of
the 10 wt% Fe doped Cd,SnO, nanoparticles are
shown in Fig.5(a & b). As per the analysis done
by Image) software, the lattice d spacing value of
Fe-doped Cd_SnO, is 0.354 nm, which represents
the (2 2 0) plane of Cd,SnO, and/or perhaps the

(1 1 0) of SnO,. Both the undoped and Fe-doped
Cd,SnO, NPs exhibit a cubic crystal structure,
according to the SAED patterns seen from HR-TEM.
The histogram of the particle size distribution that
fits the Gaussian profile is shown in Fig. 5(c). It
confirms that the particles are between 40 and
45 nanometers in size. The clear fringes in SAED
patterns match the peaks seen in the XRD and the
particle size quite well.

UV-Visible analysis

UV-visible spectrophotometer was used to
examine the optical characteristics of undoped and
Fedoped (1%, 5%, and 10%) Cd,SnO, nanoparticles.
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Fig. 4. FESEM images of (a) 1 wt% (b) 5 wt% and (c) 10 wt% Fe doped Cd,SnO, NPs and (d) EDAX spectrum of 10 wt% Fe doped
Cd_SnO, NPs.
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Fig. 5. (a & b) HR-TEM image (Inset: SAED pattern) (c) Particle size distribution plot with Gaussian fit of 10 wt% Fe doped Cd,SnO, NPs.
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Fig. 6. Optical absorbance spectrum of (a) undoped and (b-d) Fe doped Cd,SnO, NPs at various concentrations.

The absorption spectra of undoped and Fe-doped
Cd,SnO, nanoparticles are shown in Fig. 6(a-
d). In order to raise the dopant concentrations,
the absorption edge was in the visible area and
then shifted to a higher wavelength side [19].
The reduction in the band gap of the Fe-doped
Cd,SnO, nanoparticles is indicated by the red shift
of the absorption edge.

Tauc’s formula is used to determine the optical
absorption bandgap,
(ahv)=A(hv-E,)" (4)

Where o is the absorption coefficient,
is the Planck constant, v is the frequency of the
incident light, Eg is the energy band gap, and n
is dependent on the type of transition occurring
in the semiconductor. Since Cd,SnO, is known
to be a direct semiconductor for an authorised
direct transition with n = 1/2 and for an indirect
transition with n = 2.

Fig. 7(a-d), shows the Tauc’s plot of undoped,
1%, 5%, and 10% Fe-doped Cd,Sn0O, nanoparticles.
By intersecting the extrapolated linear section

Int. J. Nano Dimens., 14 (2): 126-137, Spring 2023

with the (/AVv) on the X-axis, the optical bandgap
(Eg) value is calculated to be 3.25 eV, 3.15 eV, 2.64
eV, and 2.42 eV from the graph [18]. The optical
band gap was seen to narrow as the concentration
of Fe-doping increased. The presence of the Fe in
Cd-Sn metallic compounds may be the cause of
the optical band gap lowering.

PL analysis

Using an excitation wavelength of 420 nm,
Fig. 8 shows the PL emission spectra of undoped
and Fe-doped Cd,SnO, nanoparticles (1%, 5%,
10%). There are five different emission peaks
in the visible region at wavelengths of 459 nm,
483 nm, 528 nm, 545 nm, and 573 nm, which
correspond to blue, green, and yellow emissions,
respectively, in the measured spectra of undoped
and Fe-doped Cd,SnO, nanoparticles [20]. As
the concentration of Fe dopant increases, the
emission peak diminishes. Combining holes
from the valence band and electrons from the
conduction band results in a peak at 459 nm. The
electronic transitions from the top of the cadmium
interstitials and oxygen vacancies could potentially
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Fig. 7. Tauc’s plot of the (a) undoped and (b-d) Fe doped Cd,SnO, NPs at various concentrations.
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Fig. 8. PL emission spectra of the undoped and Fe doped Cd,SnO, NPs.

be responsible for this peak [21]. Due to the near
band edge emission of Cd,SnO, nanoparticles, the
nanoparticles showed a strong narrow emission
band at 483 nm. The peak at 573 nm is associated
with the dislocated luminescence centre, and the
high-intensity green emission PL peak obtained at
528 nm relates to the recombination of holes with
the ionised oxygen vacancies, known as a deep
level of trap state emission [22]. Single oxygen
vacancies were thought to be responsible for the
green emission peak (545 nm) [23]. Additionally,
the strength of the PL emission peak diminishes as

132

the Fe concentration raises, showing that oxygen
vacancies are capturing electron-hole pairs and
producing singly ionised oxygen vacancies in the
process [24].

FTIR analysis

Fe-doped and undoped Cd,SnO, nanoparticles’
FT-IR spectra were shown in Fig.9. The impact
of the Fe dopant on the Cd,SnO, lattice is what
causes the intensity shifts in the vibrational
modes of FTIR spectra. Stretching vibrations
of O-Sn-O and Sn-O-Sn were attributed to the

Int. J. Nano Dimens., 14 (2): 126-137, Spring 2023
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vibrational modes between 400 and 850 cm™
[25]. The production of Cd-O is confirmed by the
absorption peak measured at 470 cm™ [26]. The
extra band with a centre at 1200 cm™ is connected
to the Cd-O stretching mode [27]. The stretching
frequency of Fe-O was identified in the FT-IR
transmission spectra of Fe,O, oxide as the cause
of the absorption bands at 470 and 610 cm™ [15,
28]. The Sn-0O vibration of the Sn-OH group and
the stretching mode of O-Sn-O are attributed to
the peaks found between 620 and 660 cm™[29].
The OH bending vibration of H,0 molecules is
the cause of the peak seen near 1630 cm™ [30].
The stretching vibrations of C-H are represented by

the absorption peaks that occur at 2367 cm™ and
2907 cm® [31]. The O-H stretching of the water
molecules chemically linked to the metal results
in a wide range from 3250 cm™ to 3600 cm™ [32].
The intensity of absorbed molecular water and
the stretching mode of -OH both increase as the
concentration of Fe increases [24].

XPS analysis

The elemental compositions of the material
as well as the chemical and electronic states of
the atoms have all been investigated using XPS
analysis. The presence of Cd 3d, Sn 3d, Fe 2p, and
O 1s elements is clearly visible in the XPS spectra
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(Fig. 10a) of cadmium stannate nanoparticles
doped with 10% Fe. The presence of hydrocarbons
in the instrument itself is what causes element C1s
to exist. Fig. 10 (b-e) displays the XPS spectra of Cd
3d, Sn 3d, Fe 2p, and O 1s at high magnification.
The spin orbitals Cd 3d, , and Cd 3d, , are allocated
to the binding energy peaks at 406.6 eV and 413.4
eV, respectively, whereas the spin orbitals Sn 3d5/2,
Sn 3d, , are responsible for the peaks at 487.3 eV
and 495.7 eV. The peaks seen at binding energies
of 717.3 eV are connected to Fe 2p,, which
confirms that Fe is in the 3+ oxidation state [24].
The existence of adsorbed oxygen molecules in the
corresponding cadmium stannate nanoparticles is
related to the O 1s,, peak, which is observed at
531.2 eV [33]. These outcomes closely match the
NIST XPS database.

Antimicrobial activity

By using the well diffusion method, the
antibacterial effects of undoped and Fe-doped
Cd,SnO, nanoparticles were evaluated against two
human pathogens, staphylococcus aureus (MTCC
700699) and salmonella typhi (MTCC 733). The

positive control used was erythromycin. The results
for the antibacterial activity of the different zones
of inhibition (ZOl) against two human pathogenic
microorganisms, including staphylococcus aureus
and salmonella typhi , are shown in Fig. 11 (a)
and 12 (a) show the control and Fig.11 (b, c)
shows the zone of clearance surrounding the
well-concentration dependent effect of undoped
and 10 % Fe-doped Cd,SnO, nanoparticles in
comparison with antibiotics against staphylococcus
aureus, and Fig.12 (b, c) shows the concentration-
dependent effect of undoped and 10 % Fe doped
Cd,SnO, nanoparticles in comparison with
antibiotics against salmonella typhi , suggests that
the nanoparticles have antibacterial action that
prevents the growth of pathogens. Nanoparticles’
minimum inhibitory concentration (MIC) for
infections is 15 g/ ml. But when compared to
the positive control, undoped and Fe-doped
Cd,SnO, nanoparticles had a moderate amount
of antibacterial activity against salmonella typhi
and staphylococcus aureus at concentrations
of 15 g/ml to 30 g/ml and 25 g/ml to 30 g/ml,
respectively. Fe-doped Cd,SnO, nanoparticles

Control

Fe doped Cd,Sn0,

Fig. 11. (a) Control, concentration-dependent effect of (b) undoped and (c) Fe-doped (10%) Cd,SnO, nanoparticles in comparison
with antibiotics against staphylococcus aureus.

Control

Fe doped Cd,Sn0,

Fig. 12. (a) Control, concentration-dependent effect of (b) undoped and (c) Fe-doped (10%) Cd,SnO, nanoparticles in comparison
with antibiotics against salmonella typhi.
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Table 2. Antimicrobial activity of undoped and Fe-doped Cd,SnO, nanoparticles against staphylococcus aureus.

staphylococcus aureus

Samples Concentrations

15 pg/ml 20 pg/ml 25 pg/ml 30 pg/ml
Undoped 10 mm 12 mm 13 mm 14 mm
Fe doped 15 mm 16 mm 19 mm 22 mm

Table 3. Antimicrobial activity of undoped and Fe-doped Cd,SnO, nanoparticles against Salmonella typhi .

salmonella typhi .

Samples Concentrations

15pug/ml 20 pg/ml 25ug/ml 30 pg/ml
Undoped 10 mm 12 mm 13 mm 14 mm
Fe doped 15 mm 16 mm 19 mm 22 mm

o
3
2
5
©

)

Fig. 13. Graphical presentation of antimicrobial activity against staphylococcus aureus and salmonella typhi.

showed the highest zone of inhibition for both
salmonella typhi and staphylococcus aureus when
compared to undoped Cd,SnO, nanoparticles.
This finding might also point to better Gram-
positive strain resistance to or tolerance of Fe-
doped nanoparticles compared to Gram-negative
strains. Tables 2 and 3 show the inhibition zones.
Antimicrobial activity against salmonella typhi and
staphylococcus aureus is presented graphically in
Fig. 13.

CONCLUSION

Chemical precipitation was used to
successfully create undoped and Fe-doped
Cd,SnO, nanoparticles with varying Fe doping

Int. J. Nano Dimens., 14 (2): 126-137, Spring 2023

percentages (1wt%, 5Wit%, and 10Wt%). The
cubic crystalline structure of both undoped and
Fe-doped Cd,SnO, nanoparticles is revealed by
the XRD pattern. Images from a FESEM show
that particle size increases as Fe concentrations
rise. The particle size grew from 31 nm to 42 nm
as the Fe content was raised. The cubic structure
of the nanoparticles, which have a size of about
42 nm, is confirmed by HR-TEM investigation.
With an increase in Fe concentration, there is
an increase in UV absorption, and as dopant
concentrations rise, the band gap value decreases
from 3.15 eV to 2.42 eV. The presence of metal-
oxide (M-0) bond is confirmed by the peak in the
fingerprint area of the FTIR spectrum. It is closely
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matched to the outcomes of the XRD analysis.
The presence of Cd 3d, Sn 3d, Fe 2p, and O 1s
elements is confirmed by XPS spectra. First tests
on the antibacterial properties of undoped and
Fe-doped Cd,SnO, nanomaterial were conducted
using the well diffusion method and two human
pathogens, staphylococcus aureus and salmonella
typhi. However, compared to the positive control
(Erythromycin), undoped and Fe-doped Cd,SnO,
displayed a moderate level of antibacterial
activity against salmonella typhi MTCC733 and
staphylococcus aureus MTCC 700699. This study
highlights the potential and effectiveness of both
undoped and Fe-doped Cd,SnO, nanoparticles as
antibacterial agents for biomedical applications.
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