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A simple electrochemical method was used to synthesize an SnO2/Al203 nanocomposite
with a 1:1 ratio, by varying the size of the anode and examining the product using EDX
analysis. This nanocomposite was then subsequently calcined at 200°C to remove
impurities and achieve a homogeneous crystal structure. The SnO2/A1.03 nanocomposite
was synthesized using a surfactant (PVA) as a stabilizer in the electrodeposition method
and characterized using techniques. X-ray diffraction (XRD) confirmed the crystalline
phases with an average crystallite size of 28 nm, while field emission scanning electron
microscopy (FESEM) revealed uniform nanoparticles with an average size 21-37 nm.
High-resolution transmission electron microscopy (HRTEM) average size 20 nm, (UV-
Vis) spectroscopy indicated a direct band gap in the range of 3.6 eV. The anti-bacterial
activity of SnO:/Al2Os nanocomposite was also evaluated against Gram-positive
Staphylococcus aureus and Streptococcus mutans, as well as Gram-negative Escherichia
coli and Proteus mirabilis. the inhibition zone diameters increased with concentration
from 10-1000 ppm, reaching 23 nm for S. aureus and 24 nm for Str. mutans at 1000 ppm,
while E. coli and P. mirabilis reached 17 nm and 16 nm, respectively. these results show
that SnO2/A1203 nanocomposite possesses structural, optical, and antibacterial
properties, making it a suitable candidate for applications in electronics, optoelectronics,
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and antimicrobial coating.

1. INTRODUCTION

Semiconductor metal oxides in nanocrystals differ in their
behavior from the bulk states such as Al;Os, and SnO..
Because of the importance of these materials in multiple
applications such as sensors, optoelectronic devices, solar
cells, and thin-film transistors, their properties have been
extensively studied [1, 2]. Nanometal oxides and their
composites are well-known for their structural and high optical
transmittance in the UV-Vis region and high IR reflectance [3-
6]. The structural and visual properties are improved by
relying on composition and size, as well as on the superficial
area of nanoparticles. Therefore, the composite of hard
nanostructured materials, such as SnO; and Al,O;. It may be
promising to produce excellent nanocomposites, there are
many methods for synthesizing NPs, such as chemical vapor
deposition [7], solvothermal methods [8], and microemulsion
methods [9]. Sol-gel: this wet chemical technique involves
converting precursors into a gel, which is then dried and
sintered to form the desired nanomaterial. While relatively
simple, it can require long processing times and the use of
surfactants or stabilizers [10]. Laser ablation: this technique
uses a laser to vaporize a target material, creating
nanoparticles in a liquid medium. It can produce high-quality
nanoparticles, however, the equipment can be expensive, and
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scaling up production can be challenging [11]. Hydrothermal
methods utilizing high-pressure and high-temperature water
for chemical reactions can be effective for synthesizing
Sn0»/Al,O; materials, often require complex setups and
specific conditions. The process depends on the solubility of
reactants in water under elevated temperatures and pressures
within a closed vessel. Among the most prominent limitations
is the difficulty of ensuring a homogeneous nanodistribution
of the two different SnO2-Al.O; phases within the compound,
which leads to aggregation of particles or a decrease in the
effectiveness of the reaction; the need for high temperatures or
pressures or the use of expensive chemicals or harmful
solvents; the slow process of synthesis or the inability to
effectively expand industrially; weakness in controlling the
fine nanostructure and controlling the size of particles and
pores, which reduces the antibacterial or photocatalytic
effectiveness [12]. The use of electrochemical deposition
technology has emerged as a promising option to overcome
these limitations due to the better control it provides over the
distribution of the nanophase and the formation of a
homogeneous film layer on the substrate or in the liquid; the
possibility of performing synthesis at lower temperatures and
with relatively simple equipment, which reduces the cost and
facilitates expansion; greater speed in the formation and
growth of particles with the possibility of adjusting the current
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density, voltage, time, and solvent to obtain a controlled
particle size; and the opportunity To obtain more contact
interfaces between the SnO:-Al:Os, which may improve the
antibacterial properties through greater surface activation or
improved charge transfer. Through the data, the need has been
to find a way through which effective and low-cost, as well as
developmental and environmental, electrodeposition is a
process that enables the formation of solid deposits on the
surface of the electrically connected materials. It involves
coating the surface of an electrode with a thin layer of the
desired material. Electroplating employs an electric current to
reduce dissolved metal cations in solution, forming a thin
coating on the surface of the electrode. These deposits are
produced using electrochemical cells, which consist of two
conductors or semiconductors [13]. The electrochemical
deposition mechanism involves immersing electrodes of the
desired metal in a solution containing strong electrolyte ions,
then applying an electric voltage or current that causes the ions
to move toward the corresponding electrodes, where they
undergo reduction and oxidation reactions. The anode
electrode undergoing electrolysis is deposited in the middle of
the solution by adjusting parameters such as voltage or current,
deposition time, and ion concentration, where the size and
shape of the particles can be controlled. However, this
technique is rarely used in the preparation of SnO2/AlOs
nanocomposites. And evaluate its antibacterial effectiveness,
which constitutes a research gap that this study seeks to fill by
preparing the compound by electrochemical deposition,
characterizing it, and evaluating its antibacterial activity. This
study focuses on the synthesis of SnO2/Al:Os nanocomposite
using an effective and surfactant-free electrodeposition
method. The research aims to take advantage of the priority of
electrical expression, such as the exact control of the thickness
of the film, uniformity, and formation to produce these
nanoparticles. The study will investigate the structural and
optical properties of the synthesized nanocomposite, with the
aim of exploring their potential applications in electronics,
optoelectronics and sensor technologies, and antibacterial
properties. The advantages of electrodeposition include its low
cost, low energy consumption, environmentally friendly
nature, reduced material waste, and the ability to produce thin
films at low temperatures. The film formation process and
fundamental properties can be controlled by adjusting the
applied potential [14]. This study aims to prepare SnO2/Al.Os

nanocomposite by electrophoretic deposition technique,
describe its compositional, morphological, and surface
properties, and then evaluate its antibacterial effectiveness. To
achieve this by preparing nanoparticles or SnO2-Al>Os layers
by controlling electrochemical deposition parameters such as
voltage, current, time, and ion concentration, and analyzing
the crystalline structure, shape, and phase distribution of the
compound using techniques such as UV, FTIR, XRD,
FESEM, EDX, and HRTEM; evaluating the antibacterial
activity of the prepared compound against selected strains; and
studying the effect of the concentration of the prepared
nanocomposite.

2. EXPERIMENT
2.1 Materials and methods

The electrical system for preparing Nanocomposites
Sn0,/Al>O; using a glass cell with a capacity of 100 ml and
using the positive electrode, (anode), which is an Aluminum
plate with an area of 2 cm? (99%, Aldrich), as well as the Tin
electrode 99% purity, with an area of 2cm (99%, Aldrich), the
cathode negative electrode, which is graphite with an area of 4
cm, and the electrical current preparation The device used in
the operation, is (5000 milli-ampere mA) maximum currents
and 30 volts (V) maximum voltage, China) used in this method
as a magnetic stirrer to mix the materials by stirring. Wash the
poles used in this method with ethanol, then with deionized
water, to remove the stranded organic materials. Add about 1
gram of a strong electrolyte material like KCL (99% Thomas,
Indi). And 10 mL of 1g/100 mL of the stabilizer (Polyvinyl
alcohol (PVA CDH-India), and deionized water, net foil of Al-
Sn (4 cm x 2 cm X% 0.25 mm) for every, inert graphite electrode
(4 cm x 2 cm) was utilized as anode and cathode respectively,
as shown in Table 1, They are positioned facing each other in
the electric cell solution with a depth of 2 ¢cm for both. The
electric cell was operating for one hour for 40 to 50°C, It was
centrifuged through a centrifugal device, The sediments were
washed with deionized water and ethanol three times and dried
at a temperature of 60°C for one hour and after that, the
sediments have then calcined in an oven at 200°C for 2 hours,
Sn0,/Al,O; composites were characterized by EDS, XRD,
FESEM, HRTEM.

Table 1. The experimental data account for the EDS measurements

Chemicals EDX
0.1 g/100 ml KCL (99% Thomas, Indi)
0.5 g/100 ml KOH (99% Thomas, Indi)
1g/100 mL. We take 10 ml PVA (CDH-India)
0.7 uS/cm Deionizedwater
10-12 pH
40-50°C Temperature
500 mA/m? Current density
24 cm? Al (2 cm?)/Sn (2 cm?) Anode area _
24 cm? Graphite cathode Al=27.24
1 . Sn =31.89 (Atomic % ratio = 1:1.17)
0.75-1.2 A Current density O = 40.87
7-15 V/60 (min) Voltage/time ’
18 cm? Al (2 cm?)/Sn (1 cm?) An r
22 zmz e G)r/e?phgteccatlzode()de o Al =2247
2 . Sn =43.65 (Atomic % ratio = 1:1.44)
0.75-1.2 A Current density 0=4701
11-15 V/60 (min) Voltage/time ’
15 cm? Al (2 cm?)/Sn (0.5 cm?) Anode area Al=31.34
3 24 cm? Graphite cathode Sn =21.84 (Atomic % ratio = 1:1.95)
0.36-1.2 A Current density 0=33.70
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10-15 V/60 (min) Voltage/time
18 cm? Al (1 cm?)/Sn (2 cm?) Anode area
24 ¢cm? Graphite cathode Al=30.68
4 035-12A Current density Sn =23.31 (Atomic % ratio = 1:1.31)
7-15 V/60 (min) Voltage/time 0 =46.01
24 cm? Al (2 cm?)/Sn (2 cm?) Anode area
15 cm? Al (0.5 cm?)/Sn (2 cm?) Anode area _
24 cm? Graphite cathode _ Al 7.280’67 N
5 075-12 A Current density Sn =28.32 (A(t)()rjlt‘c3/oolrat10 =1:1.01)
7-15 V/60 (min) Voltage/time S

2.2 Synthesis of SnO2/A1:O3 nanocomposite (1:1 ratio)

The basis for the procedure is to control the size of SnO-
and Al20s nanoparticles by adjusting the size of the electrodes
used, especially the positive electrode anode, Al (2 cm?) and
Sn (1 cm?), with an total anode area of 24 c¢cm? two faces,
opposite graphite cathode 24 cm?, in the first experiment, we
used two poles of equal size, and the result, according to
Energy Dispersive X-Ray Spectroscopy (EDX) analysis
(BRUKER) of the granules, was 1:1.17 atomic%. KCL, KOH,
deionized water, and the PV A stabilizer were also used as the
electrolyte. In the second experiment, the Sn and the Al poles
were prepared with the required dimensions before the
process, Al (2 cm?) and Sn (1 cm?), giving an anode area of 18
cm?, opposite a graphite cathode 24 cm?. The grain size ratio
from EDX was 1:1.44 atomic%, as shown in Table 1. The
change in this experiment involved only the anode size, while
all other parameters remained fixed. In the third experiment,
the tin pole area was 0.5 cm? and the aluminum electrode area
was 2 cm?, resulting in an EDX atomic% ratio for SnO2/ALO3
of 1:1.95. In the fourth experiment, the tin pole size was 2 cm?
and the aluminum electrode size was 1 cm?, resulting in an
EDX atomic% ratio of SnO»/Al,O3; was 1:1.31. The best result
was obtained in the fifth experiment, using a tin pole area of 2
cm? and an aluminum electrode size 0.5cm?, yielding an EDX
atomic% ratio for SnO»/Al,Os of 1:1.01. This ratio is
considered the most optimal among the tested configurations
and could be applied in various industrial and biological fields.
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3. RESULTS AND DISCUSSION
3.1 X-Ray Diffraction

The XRD patterns of the SnO,/Al,O3; nanocomposites are
shown in Figure 1. The miller indices (hkl) of the diffraction
peaks of SnO,/Al,0O3 and nanocomposites were matched with
JCPDS cards No. 71-1123 and No. 41-1445. The crystallite
size was calculated using the Scherer formula [15, 16]. where
D is the average crystallite size, A is the used X-ray wavelength
and k£ = 0.94 is a constant, 0 is the diffraction angle (in
degrees), and £ is the full width at half maximum (FWHM, in
radians) of the observed diffraction peak [17]. The XRD
pattern of SnO,/AL,Os in Figure 1 shows low peaks at 26
values of 25.12°, 43.80°, and 57.60°, which correspond Al,O;
phase and confirm the presence of AlO; in the composite.
Three intense diffraction peaks at 27.38°, 39.57°, and 49.24°
can be attributed to the (110), (200), and (211) planes of SnO»,
respectively. Compared with pure SnO», the peaks near 27.38°
in the SnO,/Al,O3 composites appear broader, which may be
due to the overlap of the SnO, (110) and Al,O3 (012) peaks
[18, 19]. The tabulated X-ray data include: 2-Theta
(diffraction angle), d (nm) (interplanar spacing), BG
(background), height (peak intensity), 1% (relative intensity),
area (integrated peak intensity), 1%, (another relative
intensity), full width at half maximum (FWHM), and crystal
size (nm). The crystal size, calculated using the Scherrer
equation, was approximately 11.13 nm as shown in Table 2.
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Figure 1. XRD Pattern of SnO,/Al,O3 nanocomposites (a) Miller Indices (hkl), (b) Two-theta (20) represent angles related to the
diffraction of X-rays by a crystalline sample

Table 2. The data obtained from X-ray diffraction (XRD)
2-Theta D (nm) BG Height 1% Area 1%:2 FWHM Crystal Size (nm)
10.802 0.81839 7 124 11.9 857 423 1.175 7
14.393 0.61487 0 96 9.2 776 383 1.374 6
18.793 0.47179 0 86 8.3 547 27 1.081 8
21.028 0.42213 0 124 11.9 833 41.1 1.142 7
25.12 0.35421 23 103 9.9 701 34.6 1.157 7
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27.384 0.32542 60 1041 100 2027 100 0.331 28
33.203 0.2696 18 115 11 919 453 1.359 6
35.998 0.24928 0 95 9.1 489 24.1 0.875 10
39.573 0.22755 0 592 56.9 1528 75.4 0.439 21
43.822 0.20642 0 100 9.6 543 26.8 0.923 10
49.241 0.18489 0 277 26.6 906 44.7 0.556 17
57.614 0.15985 0 111 10.7 669 33 1.025 9
61.007 0.15175 0 69 6.6 470 23.2 1.158 8
65.439 0.14251 0 157 15.1 652 322 0.706 14
72.808 0.12979 0 99 9.5 653 322 1.121 9

3.2 UV-Vis spectrum

The UV-Vis spectra were analyzed to investigate the optical
properties. The compounds and their absorbance changes are
shown in Figure 2(a). The SnO»/Al,03 nanocomposites exhibit
strong absorption at 200 nm, with the absorption decreasing
slightly as the wavelength increases. In the UV -visible range,
no distinct peak was observed in the long wavelength region.
Moreover, the maximum absorption was detected at about 235
nm, after which the absorbance gradually decreased [20]. The
UV-Vis diffuse reflectance spectra display the results for the
SnO»/Al,O3 samples in the range of 200-700 nm. The results
showed that the absorption edge of the SnO./ALO3

(a)
Sn0,/ALO,

Absorbance

0 T T 1
190 690 1190
Wavelength (nm)

nanocomposite occurred at 310 nm, which is in good
agreement with the value (298 nm) reported by Mishra et al.
[5] for SnO,-Al,O; composites prepared via the sol—gel
method. From the reflection spectra, the bandgap energy (Eg),
was determined using a Tauc plot. In this method, (ahv)'?(eV.
cm )2 is plotted against hv, where a is the absorption co-
efficient, h is Planck's constant, v is the photon frequency, and
v depends on the type of electronic transition (e.g., 1/2 for
indirect transition, 2 for direct transition). Extrapolating the
linear portion of the curve to the x-axis (energy axis) gives the
band gap energy, as shown in the inset of Figure 2(b). The

bandgap values are found to be 3.65 eV for the SnO»/Al,O;
nanocomposite [21].
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Figure 2. (a) UV—Vis Spectra, (b) the plot of (a2v)!? vs. photon energy (4v) for SnO»/Al,O3 nanocomposites
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Figure 3. FTIR spectrum of the SnO»/Al,O3 nanocomposites

3.3 FTIR analysis of 1:1 SnO2/Al2O3 nanocomposites

For important information about functional groups in
Sn0,/Al,03, FTIR spectra are recorded in transmission mode.
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FTIR spectra are shown in Figure 3. The broad peak at around
3200 cm’! can be attributed to the O-H. It is noted that the
lowest is in SnO,/Al,03. Moreover, the bending vibrations of
the O-H stretching vibration. It is noted that this peak is less



intense in SNO»/Al,O3. Moreover, the bending vibrations of
the O-H group are responsible for the peaks at about 1630 cm”
!'in SnO»/Al,O3 nanocomposites [22]. The peak at about 500
cm’!' in SnO»/Al,O3; nanocomposites can be assigned to Sn-O
or O-Sn-O vibrations [23]. The intensity of this peak decreases
significantly for SnO,/Al,O; nanocomposites, as shown in
Figure 3. This decrease in metal-oxygen vibrations can be
attributed to Sn or O vacancies in SnO»/AlLO; powder.
Similarly, the peaks at about 650 cm™, 1100 cm™, and 1450
cm’! in SnO»/Al,O3; nanocomposites are mostly due to Al-O
and O-Al-O vibrations as in Table 3 [24]. The disappearance
or reduction of Al or O atom can lead to a decrease in the
strength of these peaks. The absence of Sn, Al or O may result
in weaker metal-oxygen stretching in the SnO»/Al,O3 bonding.

The broadening of these peaks in the SnO,/Al,O; powder
suggests the presence of multiple weak vibrations instead of
one strong vibration [22, 23]. From the FTIR spectrum, it is
evident that the SnO,/Al,O3 powder contains a significant
number of Sn, Al or O vacancies. However, these vacancies
are relatively few compared to what might be expected, likely
due to the absence of severe metal-oxygen loss during high-
temperature calcination. Since the powder was dried in a hot
air oven at 200°C in an oxygen-adequate environment, the
possibility of O vacancies is minimized. Furthermore, in
Sn0»/AlLO; powder, the reduction of peak intensities related
to metal-oxygen vibrations supports the presence of such
lattice defects.

Table 3. FTIR vibration bands and their corresponding bond assignments for the SnO,/Al,O3 nanocomposite

Wavenumber (cm™) Bond / Functional Group Comment Reference
O-H stretching (surface hydroxyl groups,
3500-3400 adsorbed moisture) Broad peak due to hydrogen-bonded OH groups [25,26]
3240-3435 O-H stretching (alcohol/water) Strong hydrogen bonding in surface hydroxyls [25]
1630-1640 H-O-H bending vibration Bending mode of adsorbed water molecules [26]
605 and 480 Sn—O and Sn—O-Sn stretching, Asymmetric and symmetric [27]
3400, 2925, 2851 and . Indicating the presence of extract molecules in the
1636 Sn0: synthesized SnO: synthesized (271
1190-1200 C=0 stretching (Sn—OH related) Surface hydroxyl-carbonyl-like vibrations [28]
860-820 O-Al-O stretching Al:0Os lattice vibrations [29]
620-600 Sn—O and Sn=0 stretching Characteristic of SnO: [30]
560-500 O-Al-0 bending / Sn-O-Sn symmetric Evidence of mixed oxide bonding [29, 30]

stretching

3.4 FESEM, RHTEM, and EDX

Figure 4. FESEM micrograph of SnO»/Al,03 nanocomposite

Figure 5. HRTEM micrograph of SnO»/Al,0O3
nanocomposite

Figure 4 shows the field emission scanning electron
microscopy (FESEM) image of SnO»/AlO3 nanocomposite
particles in various size ranges up to 500 nm. The microscopic
image reveals that the nanocomposites tend to aggregate on
the surface, confirming the presence of pores, which can be
useful in sensing applications. The particle size is
approximately 21-37 nm, which is larger than that calculated
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from XRD analysis [31]. Figure 5 shows high-resolution
transmission electron microscopy (HR-TEM) images of the
Sn0»/Al,03 nanocomposite. HRTIM analysis is among the
most effective methods to investigate nanoparticle size. The
practical size in this work was found to be around 20 nm. The
images also show that the grain size distribution is not
uniform. During sample preparation, agglomeration of
particles may occur. Energy dispersive X-ray (EDX)
spectroscopy of the SnO,/Al,O3 nanocomposite confirms the
presence of its constituent elements. Energy-Dispersive For
the 1:1 sample (Experiment 5), the mass composition was O =
43.01%, Al = 28.67% and Sn = 28.32%. Also, maps with a
resolution of 768 x 512 were obtained to ensure racial
distribution. These results confirm the expected chemical
structure of the SnO:/Al.Os; compound, and show good
agreement with X-Ray Diffraction (XRD) data, as in Figure 6
[32, 33].

The average particle size of SnO2/Al:Os nanoparticles, as
determined by XRD, FE-SEM, and HRTEM analyses, showed
a good agreement through the three -characterization
techniques, with minor differences attributed to the related
differences in the principles of measurement. The XRD-
derived size, calculated using the Scherrer equation, reflects
the average size of crystals, and that may be a little smaller
than the size of the particles observed in the FESEM and
HRTEM images due to the potential assembly and the
polycrystal nature of the particle. FESEM analysis presented a
direct visualization of particle morphology. This reveals a
structure with agglomeration and uniform particles with a
small mass. HRTEM has provided high-resolution images,
allowing an accurate measurement of individual molecules
and confirming the crystallinity of the lattice corresponding to
SnO: and Al:Os, when compared to the values mentioned in
the literature shown in the Table 4, the sizes of the particles



obtained within the expected range of XRD were within the
expected range of 11.13 nm, in line with pre-reported studies
[5, 34-37]. Slight deviations from literature data may result
from differences in the terms of synthesis, base materials,
calcination temperatures, and SnO: to AlOs ratios. This

% 0.001 cpsfeV

indicates that the approved synthesis method produces
effectively from nanoparticles of similar particles, or smaller
than those that have been previously reported, which can
enhance the surface area and catalytic activity.
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Figure 6. Energy dispersive X-ray (EDX) spectroscopic analysis of SnO2/Al,O3 nanocomposite showing Al=28.67 atomic%, Sn
=28.32 atomic%, O =43.01 atomic%

Table 4. Comparing the average particle size of the SnO2/Al2Os nanoparticles calculated by XRD, FESEM, and HR-TEM
techniques with reported literature values

Size Technique  Size (nm) Shape/Surface Reported Values in Literature (nm)  Literature Reference
13-15 [34]
XRD 11.13 Derived from Scherrer equation 121 [37]
) [5]
FESEM 21-37 Morphology observation 62 [5]
20-25, 30 [35]
HRTEM 20-60 Detailed shape and boundary analysis 20-80 [36]
5-100 [37]

4. ANTIBACTERIAL ACTIVITY USING AGAR ROUT

The in vitro antibacterial activity of the compound was
evaluated against Staphylococcus Aureus, Streptococcus
mutans, Escherichia coli, and Proteus mirabilis using the
well-diffusion method on Muller-Hinton agar (7). Wells of 6
mm in diameter were made in the agar plates using a sterile
cork borer. The agar surfaces were then inoculated with each
bacterial strain. The synthesized SnO,/Al,O3 nanocomposite
particles were dissolved in dimethylformamide (DMF) to
prepare solutions with concentrations of 10, 100, and 1000
ppm. The plates were incubated at 37°C for 12 hours, and the
inhibition zones were measured in millimeters. Each test was
performed in triplicate, and the average inhibition zone’s
diameter was recorded.

4.1 Antibacterial activity studies

Semiconductors or metal oxides are among the promising
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alternatives for antibacterial application. after incubation, the
wells loaded with SnO,/Al,O; nanocomposite showed
bactericidal activity against E. coli and P. aeruginosa,
comparable to Ciprofloxacin (used as the standard), as
evidenced by the inhibition zones. The antibacterial capacity
is strongly influenced by the morphology of nanoparticles.
Smaller nanoparticles are generally preferred few sizes, these
nanoparticles are preferred because of their potent bactericidal
effects. Several reports indicate that nanoparticles in contact
with bacterial walls can inhibit the synthesis of sulfur or
phosphorus-containing envelope proteins. When the DNA
interacts with metal oxide ions, the Al™> and Sn*? ions may
induce biochemical changes that ultimately lead to cell death.
This may involve interference with the electron transport chain
(ETC), disruption of ion pumps alteration of ion movement
across the membrane [38]. Weakening of the bacterial plasma
membrane can further stimulate cell death. Overall, the tested
microorganism was not resistant and did not display any



biofilm formation in response to the synthesized nanoparticles.
These findings are consistent with previous studies, supporting
the bactericidal potential of Al,O3 and SnO» nanoparticles.

Table 5. Antibacterial activity of SnO»/Al,O; at various
concentrations, expressed as the zone of inhibition mm

ppm, whereas Escherichia coli and Proteus mirabilis were
inhibited at a concentration of 100 ppm. Thus, the results
confirm that Gram-negative bacteria are approximately ten
times less sensitive than Gram-positive bacteria [42, 43].

Table 6. Shows the results of the minimum inhibitory
Concentration (MIC) of the SnO,/Al,03; nanocomposite

Concentration G(tVe) G(-Ve)
SnOy/ALOs S. Str. E. . . P. B MIC (ppm) Bacterial Strain
aureus mutans coli mirabilis 10 Staphlococcus aureus (S. aureus)
10 ppm 12 15 7 9 10 Streptococcus mutans (Str. mutans)
100 ppm 17 20 14 12 100 Escherichia coli (E. coli)
1000 ppm 23 24 17 16 100 Proteus mirabilis (P. mirabilis)
wosieie o 25 7 4.3 Antibacterial activity inhibition mechanism by
wSirmitans g 21‘; _ Sn0:/Al:0s nanocomposite
mE.coli )
— E 12 “ The low sensitivity of Gram-negative bacteria is likely due,
g ol at least in part, to the limited absorption of nanoparticles and
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Figure 7. Statistical representation of antibacterial activity of
Sl’lOz/ A1203

The biological activity of the (SnO,/Al,03) nanocomposite
was evaluated in vitro against S. aureus, Str. mutans, E. coli,
and mirabilis using the well-diffusion method. The inhibition
zones for each bacterial strain are presented in Table 5, with
statistical analysis is shown in Figure 7. The results indicate
that the (SnO2/Al,O3) Gram-positive bacteria has a stronger
effect on the Gram-positive bacteria (S. aureus, Str. mutans)
than on the Gram-negative strains tested, under identical
experimental conditions. At concentrations of 10 and 100
ppm, the nanocomposite exhibited mild activity against (S.
aureus, Str. mutans), while at 1000 ppm it showed high
antibacterial potency. In contrast, its activity against E. coli
and P. mirabilis was moderate to weak at 10 and 100 ppm, and
moderate at 1000 ppm. The inhibition effect at the
concentration of 1000 ppm was moderate. These findings are
consistent with previous reports [39], which also observed
higher inhibition of Gram-positive bacteria compared to
Gram-negative bacteria, despite the thicker peptidoglycan
layer of Gram-positive. This difference is likely due to the
outer membrane of Gram-negative bacteria, which acts as an
additional barrier to nanoparticle penetration [40]. The results
in Table 5 further support this, showing greater efficacy
against the Gram-positive strains. This can be explained by
structural differences in the bacterial cell envelope gram-
negative bacteria possess an extra outer membrane in addition
to the peptidoglycan layer, creating an additional barrier that
limits biocide penetration [41].

4.2 The experimental determination of the minimum
inhibitory concentration (MIC) for antibacterial activity

As shown in Table 6, these results provide evidence that the
nanocomposite SnO»/Al,O3 has inhibitory effects against the
studied bacterial strains, Staphylococcus aureus and
Streptococcus mutans, were inhibited at a concentration of 10
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lipopolysaccharide (LPS) reduces the permeability of
nanoparticles [44-46]. As for the antibacterial behavior of the
Sn0,/Al>03; nanocomposite, several mechanisms are involved,
including the generation of reactive oxygen species (ROS),
which leads to the formation of a matrix that directly damages
the cellular components of bacteria [37, 43, 44, 46]. Evidence
indicates that the cell membrane was compromised, likely
through direct interaction with the cell surface [43, 44], leading
to the release of active ions that interfered with essential
bacterial processes such as iron siderophore absorption [45,
46]. Therefore, the SnO»/Al,03 nanocomposite could have
practical applications in the medical and dental fields, such as
antibacterial coatings for medical devices and oral care
products [42, 47, 48]. It should be noted that Gram-negative
bacteria exhibit relative resistance to this compound,
indicating the need for targeted strategies to enhance its
antibacterial efficacy.

5. CONCLUSION

Using the simple electrical method, the SnO»/AlO3
nanocomposite was prepared. The crystal size and the
morphology of the sample, analyzed via X-ray diffraction and
several different techniques, indicate the products
crystallinity, crystallite size, and other characteristic
properties, signaling that the utilized process is proper and
economical for obtaining SnO,/Al,O3 nanocomposites. It can
be stated that SnO,/Al,03 at a concentration of (1000) ppm can
act as powerful antibiotics agent with potential effects on other
bacteria types not yet tested. However, SnO»/Al,03 may not
show a similar effect in vivo despite the bacteria sensitivity
observed in vitro, as in vivo conditions often differ
significantly. Therapeutic process involves complex metabolic
and physiological reactions that are difficult to estimate
despite knowing the final treatment outcomes, whether
positive or negative. Additionally, other factors may interfere
with antibiotic efficacy, resulting in outcomes that are difficult
to explain. It was observed that the Gram-positive bacteria are
inhibited by relatively low concentration of the
nanocomposite, whereas Gram-negative bacteria require much
higher concentration for inhibition. The difference in
sensitivity is due to variations in the general structure of the
bacterial cell wall, with each bacterial type requiring a specific
compound for effective inhibition. The nanocomposite has



shown an additional advantage: antibacterial activity against
antibiotic-resistant strains due to the multiple mechanisms,
including increasing ROS generation, membrane disruption,
and ion release. The nanocomposite can be used in many
fields, such as antibacterial coatings and medical devices. It
may also be applied in further studies, such as surface property
modifications to improve its efficacy against Gram-negative
bacteria. SnO2/Al:Os nanocomposite, a semiconductor with
controlled capacity and porosity, has multiple enforcement
possibilities and also has work in the industrial field. SnO: is
supported by a stable Al.Os core. This feature makes it suitable
for fields such as gas sensors or catalytic materials. For
example, a similar version has been studied for detecting low-
concentration gases using small-sized oxides. At the
environmental/biological level, preliminary studies have
shown the antibacterial effectiveness of nano-metal oxides,
including alumina, which opens up to use in sterilization or
antimicrobial materials. Therefore, our study, which focuses
on the synthesis of SnO2/Al-0s via electrochemical deposition,
is not just an addition to knowledge but rather paves the way
for potential applications in environmental and health sensors,
that is, in a series linking nanopreparation and functional
improvement.
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