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ABSTRACT

The current study gives the formation of cadmium (Cd) doped aluminum (Al) nano chromites by the citrate gel auto-combustion
method. Structural, optical and biological activity of the synthesized chromites was performed. Microstructure and morphological
analysis of the nano chromites were analyzed by X-ray diffraction (XRD), Field Emission Scanning Electron Microscopy, and
Fourier-transform infrared (FTIR) studies. XRD confirms the single-phase cubic spinel structure of the Cd-Al nano chromites.
The average crystalline size of the samples 19 nm to 25 nm calculated by Debye Scherrer equation from XRD pattern. FTIR
spectrum confirms the metal-oxygen bonds around 400-600 cm ' wavenumber domain related to the spinel structure. Optical
band gap energy ranges from 2.21 eV to 2.96 eV calculated by Tauc plots. Antibacterial activity of the materials performed four
bacterial agents, namely, Staphylococcus, Bacillus, Escherichia coli, and Klebsiella by pour plate method. Hela cells were used
to check the anticancer activity of the materials.
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1. INTRODUCTION cation AI**. The structure consists of a cubic close-packed oxygen lattice
with cations occupying interstitial tetrahedral and octahedral sites. In
normal spinel’s like CdCr,Oy, Cd*'ions predominantly occupy the
tetrahedral sites, while AI’" jons occupy the octahedral sites [8,9]. This
arrangement ensures charge neutrality and structural stability.

Nanoscience is the study of structures and materials on the scale
of nanometers (1-100 nm), where unique physical, chemical, and
biological properties emerge due to the dominance of quantum effects
and increased surface area-to-volume ratio [1]. Nanotechnology
involves the design, synthesis, manipulation, and application of  Nanoparticles can be synthesized using various methods, each tailored

these nanoscale materials for specific purposes. Nanomaterials are to achieve specific properties and applications. Physical methods like
laser ablation and physical vapor deposition are ideal for creating

high-purity particles but often require sophisticated equipment.
Chemical approaches, such as sol-gel processing [10], ploy acrylamide
method [11], microemulsion, solid state, co-precipitation, and
hydrothermal methods [12], offer versatility in producing nanoparticles
with controlled size and morphology. Among these, the citrate
gel auto-combustion method stands out due to its simplicity, cost-
effectiveness, and ability to produce highly pure, homogeneously sized
nanoparticles [13]. This method involves the use of metal nitrates and
citric acid to form a gel, which undergoes self-sustained combustion
to yield fine particles. Particularly effective for synthesizing spinel-
structured materials like nano chromites, this method ensures phase
purity, uniformity, and scalability, making it invaluable for applications
in catalysis, energy storage, and environmental remediation [14].

advanced materials with dimensions at the nanoscale, offering unique
properties that differ significantly from their bulk counterparts [2].
They can be broadly categorized into carbon-based materials (e.g.,
graphene and carbon nanotubes), metal and metal oxide nanoparticles
(e.g., silver, titanium dioxide, zinc oxide), ceramic nanomaterials,
polymeric nanomaterials, and nanocomposites [3-5]. Each type finds
applications across industries, such as electronics, catalysis, medicine,
and energy storage, due to their high surface area, tunable optical
properties, and mechanical strength. Among these, nano chromites,
spinel-structured nanomaterials (AB,O,), hold particular importance
for their multifunctional properties. Nano chromites such as NiCr,Oy,
and CuCr,0, exhibit excellent catalytic activity, magnetic properties,
and thermal stability, making them suitable for applications in
pollutant degradation, energy storage, sensors, and magnetic storage
devices [6,7]. Their ability to exhibit mixed valency and reversible
redox behavior enhances their role in energy and environmental
applications, positioning nano chromites as key materials in sustainable
and advanced technological developments.
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In this current study, we discussed the synthesis of Al; ,Cd,Cr,04 where
x = 0.00, 0.02, 0.04, 0.06, 0.08, and 0.10 nano chromites by citrate
gel auto combustion method. The prepared samples characterized by
X-ray diffraction (XRD), Scanning Electron Microscopy (SEM), and
Fourier-transform infrared (FTIR) for structural studies. In addition,
their optical, photocatalytic, and biological activity were investigated.

2. EXPERIMENTAL STUDIES

2.1. Samples Preparation

The Cd-doped Al nano chromites were synthesized using the citrate
gel auto-combustion method, a versatile and efficient technique for
producing nanomaterials with controlled composition and morphology.
The synthesis begins with the dissolution of stoichiometric amounts of Al
nitrate, Cd nitrate, and chromium nitrates in deionized water to prepare
a clear solution of metal ions. Citric acid is then added in a molar ratio
adequate to act as a chelating agent and fuel. The citric acid forms stable
complexes with the metal ions, ensuring uniform distribution. Ammonia
solution is added dropwise to the mixture to adjust the pH to a range of
7-8. This pH range is critical for facilitating the chelation process and
preventing the precipitation of metal hydroxides. The solution is heated
on a hot plate at approximately 80-90°C under continuous stirring to
evaporate the water. As the water content reduces, the solution becomes
viscous and eventually transforms into a gel. The temperature is increased

to 150°C. In this step, the gel undergoes a spontaneous combustion
reaction. This combustion is driven by the redox reaction between metal
nitrates (oxidizers) and citric acid (fuel). The process produces a porous,
flufty, ash-like material containing the Cd-doped Al nano chromites. The
as-synthesized material is calcined at 500°C for 4 h in a muffle furnace.
Calcination removes residual organic matter, enhances crystallinity,
and ensures phase purity. This step is crucial for achieving the desired
structural and functional properties of the nano chromites. The calcinated
samples were grinded again for about one hour to form fine powder,
resultant samples were analyzed by different characterization techniques.
The synthesis procedure was shown in Figure 1.

2.2. Experimental Methods

A Rigaku 600 X-ray diffractometer was used for the XRD investigation.
The Carl Zeiss Ultra 55 model was used for SEM analysis, and the
Oxford INCAX-act model handled energy-dispersive X-ray analysis.
The Fluoromax Plus Spectrometer was utilized for photoluminescence
(PL) analysis, the Shimadzu FTIR 8400 Spectrometer for FTIR
analysis, and the Shimadzu ultraviolet (UV)-3600 Spectrometer for
ultraviolet visible-diffuse reflectance spectroscopy (UV-DRS) analysis.

2.3. Antibacterial Activity Procedure

Gram-positive and Gram-negative bacterial active cultures, nutrient
and potato dextrose agar media, yeast peptone extract media, and
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Figure 1: Flow chart of Citrate gel auto combustion method for preparation of aluminum-cadmium nanoparticles.
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standard laboratory supplies. Petri plates, standard bacterial strain
(Streptomycin -5pg/m), and bacterial incubator. After transferring
the bacterial culture and 50 mL of nutritional media into a tiny
conical flask, it is incubated for 8-12 h at 37°C. For the minimum
inhibitory concentration assay, (or) minimum inhibitory concentration
(MIC) assay, the produced chromite samples were created at various
concentrations after being dissolved in 1 mL of dimethyl sulfoxide.
Solvent was used to further dilute the produced MIC test liquid samples.
The pour plate method was employed to conduct the antibacterial
test. This entailed combining autoclaved agar medium just before it
solidified with 1% of bacterial active culture, then transferring the
combination into the plates. Bacillus and Staphylococcus were selected
for Gram-positive bacteria in this case, whereas Escherichia coli and
Klebsiella were selected for Gram-negative bacteria. After the plates
had solidified, 100ul of material was added to each well, which had
been made using a sterile well borer. These plates were incubated at
37°C for 18-24 h in a bacterial incubator. Each well of the plate was
filled with 25 puL, 50 uL, 75 uL, and 100 uL increments of the samples
that were evaluated for antibacterial activity. The contents were diluted
with water or solvent until the volume reached 100 puL. This made it
possible to determine the samples’ minimum inhibitory concentrations
(MIC). In this experiment, samples containing 10 mg/mL were used,
and appropriate dilutions were made.

2.4. Antifungal Activity Procedure

The antifungal activity of the synthesized samples was examined
using Aspergillus and Candida. After autoclaving, a potato dextrose
agar medium and yeast extract were made. Just before the media was
poured onto the plates, an antibiotic (Streptomycin/Chloramphenicol)
was added to stop bacterial contamination. Depending on the number
of samples, sterile well borers were used to make Smm wells after
the plates had had time to set. A 100 uL sample was put into each
well. The plates were incubated at 25°C for 96 h before the results
were recorded. To determine their minimum inhibitory concentrations
(MIC), the antifungal activity-tested samples were placed into each
well of the plate in increments of 25, 50, 75, and 100 puL. Water or a
dilution solvent was added to bring the level up to 100 pL.

2.5. MTT Assay Method

Yellow 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromide
reduction by mitochondrial succinate dehydrogenase is quantified
using the MTT Assay. A colorimetric method was used to estimate
this. Assuming that dead cells or their remains do not aid in the
reduction of tetrazolium, this assay depends on the metabolic activity
of living cells. MTT is converted into a dark purple formazan crystal
inside the cell, mostly in the mitochondria. After Dimethyl Sulfoxide
(DMSO)-assisted cell lysis, the solubilized formazan is measured
spectrophotometrically at 570 nm to determine cell viability. Hela cells
should be seeded in 96-well plates with 5000-10,000 cells per well
and 100 puL of complete growth medium. Incubate the cells for 24 h
at 37°C in a humidified environment with 5% carbon dioxide (CO,)
to help them adhere to one another and grow. Make a stock solution
of the test chemicals in DMSO or the suggested solvent at the proper
concentrations. To reach the required final concentrations, dilute the
stock solutions in full growth medium. Fill the corresponding cell-
containing wells with the test chemical solutions. For comparison,
include control wells with untreated and vehicle solvent-treated cells.
Considering the experimental design and the compound’s expected
cytotoxicity profile, incubate the test compounds on the cells for a set
period of time (often 24—72 h). After the incubation period, create an
MTT solution by dissolving MTT in phosphate-buffered saline until
the final concentration reaches 0.5 mg/uL. Fill each well-containing
chemicals and cells with 10 uL of MTT solution. To allow living
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cells to convert the MTT into formazan crystals, incubate the plates at
37°C for 2—4 h. Pour 100 uL of DMSO into each well to dissolve the
formazan crystals produced by living cells. Give the plates a gentle
shake for 10-15 min to ensure complete solubilization. Determine
the absorbance of the formazan solution at 570 nm using a microplate
reader (with a reference wavelength at 630 nm). Use the following
formula to determine the percentage of cell viability in comparison to
control wells:

100 (Control — Treatment)
Control

% Inhibition =

The ICs, value was determined by applying the linear regression equation,
y=mx + c. The viability graph yielded the values of m, ¢, and y = 50.

3. RESULTS AND DISCUSSIONS
3.1. XRD Studies of Cd Substituted Al Nanoparticles (NPs)

XRD is essential for studying crystalline materials like chromites due
to its ability to identify phases, determine crystallinity, and provide
structural insights. Chromites, which often exhibit spinel structures,
have distinct diffraction patterns that help confirm phase purity. Figure 2
indicates the XRD pattern of Cd doped Al nano chromites synthesized
by citrate gel auto combustion method. The XRD patterns show distinct
peaks corresponding to crystalline phases, providing insights into the
structural and compositional nature of these materials. The consistent
peak positions among all samples suggest that the primary structure
is shared, while variations in peak intensity and sharpness indicate
differences in crystallinity, phase purity, or microstructural properties.
The observed peaks are characteristic of a spinel structure, which is
typical for chromite-based materials. The spinel phase crystallizes in
the cubic system with the space group Fd3m, where metal ions occupy
tetrahedral and octahedral positions in the oxygen framework [15,16].
Peaks at low 20 angles, such as ~19°, ~30°, and ~36°, correspond to
the (111), (220), and (311) planes, respectively [17]. Slight shifts in
peak positions among the patterns can be attributed to variations in the
Cd and Al composition, as the substitution of larger Cd ions affects the
lattice parameters. While the spinel phase dominates, some patterns
exhibit additional peaks or changes in peak shapes, indicating the
possible presence of secondary phases. These could include FCC-type
structures, such as Cd-O, which might form due to the segregation of
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Figure 2: X-ray diffraction pattern of Al Cd,Cr,0O, where
x =0.00, 0.02, 0.04, 0.06, 0.08, and 0.10.
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Cd under specific synthesis conditions [18].

The average crystalline size(D) of the prepared Cd doped Al
chromites were determined by using the Debye- Scherrer equation.
Average crystalline size(d) = [(3)C9 }é
the full-width half maxima, and 6 is Brags angle.

,» Where A is wavelength,  is

Figure 3 illustrates the average crystalline size verses lattice
parameter of Al-Cd nano chromites prepared by citrate gel auto
combustion method. The crystalline size of Cd-doped Al nano
chromites demonstrates a distinct trend as the Cd composition
increases. Initially, the crystalline size increases, peaking at a
composition of around 0.04. This increase can be attributed to
the effective grain growth facilitated by the substitution of Cd
ions into the Al,O3; matrix. During this phase, the doping of Cd
reduces lattice strain, allowing for more ordered and larger crystal
formation. However, beyond the peak, the crystalline size starts
to decrease slightly and stabilizes at higher Cd compositions.
This reduction may result from the introduction of lattice defects,
such as vacancies and dislocations, caused by the excessive
doping of Cd ions, which disrupts the crystalline order and limits
further growth. Lattice parameter of the samples was calculated

by the following equation. Lattice parameter (a)=d R+kr+1?

Whereas d refers interplanar distance and hkl indicates the
Miller indices. The lattice parameter of Cd-doped Al decreases
consistently with increasing Cd composition. This trend is
primarily due to the ionic radius difference between AP* (0.53
A)and Cd*" (0.95 A). When larger Cd*" ions replace smaller A"
ions in the lattice, the overall structure experiences a contraction
as it adjusts to accommodate the substitution. This decrease
in lattice parameter suggests a systematic and homogeneous
incorporation of Cd ions into the AlCr,O4 matrix. The observed
behavior aligns with Vegard’s law, where lattice parameters
change linearly with the composition of a dopant, reflecting a
well-integrated solid solution. The structural changes in both
crystalline size and lattice parameter confirm the successful
doping of Cd into the AlCr, Oy lattice [19].

Figure 4 shows unit cell volume and X-ray density variation of
Al ,Cd,Cr,O4 nanocrystals. Where x = 0.00, 0.02, 0.04, 0.06,
0.08, and 0.10 of Al-Cd nano chromites prepared by citrate gel
auto combustion method. The volume of the unit cell for Cd-doped
AlCr,0y, initially increases with increasing Cd composition, reaching
a peak around a composition of 0.04. Beyond this point, the volume
remains relatively stable. The initial increase can be attributed to the
replacement of smaller AP’ ions (ionic radius 0.53 A) with larger
cd* ions (ionic radius 0.95 A) in the AICr,Oy lattice. The larger
ionic size of Cd*" leads to lattice expansion, increasing the unit cell
volume. The X-ray density decreases steadily as the Cd composition
increases. This behavior is due to the substitution of AI’*
cd* ions, which have a higher atomic weight but a larger ionic
radius. The increase in unit cell volume due to lattice expansion
outweighs the increase in mass caused by the addition of heavier
Cd ions, leading to an overall decrease in X-ray density. The lattice
expansion and reduced density can significantly affect the material’s
properties, the XRD parameter shown in Table 1.

ions with
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3.2. SEM and Energy Dispersive Spectroscopy (EDS) Studies

Field Emission Scanning Electron Microscopy (FESEM) is a
critical tool for analyzing the morphology and surface features of
nanomaterials, including nano chromites. FESEM provides nanometer-
scale resolution, essential for observing the fine morphological
details of nanomaterials. It reveals the shape, size, and distribution of
nanostructures, such as particles, and rods, crucial for understanding
synthesis outcomes and their correlation with properties. FESEM
visualizes surface textures, porosity, and agglomeration, which directly
impact the material’s performance in applications such as photocatalysis
or sensors. It provides an accurate measure of particle size and
uniformity, which is vital for determining the material’s nanoscale
behavior. Figure 5a-f indicates the FESEM images of synthesized
Cd-doped Al nano chromites. The particles appear as aggregated,
rod-like structures with rough surfaces. The rods seem to vary in size,
with lengths approximately 100-200 nm, confirming their nanoscale
dimensions. The particles show some degree of agglomeration, which
is common in nanomaterials due to high surface energy. This could
influence properties like surface area and catalytic performance. The
roughness observed on the particle surfaces suggests a high degree of
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Figure 3: The variation of crystalline size and lattice parameter
of Al;_,Cd,Cr,0,, with x values of 0.00, 0.02, 0.04, 0.06, 0.08,
and 0.10 nano chromites.
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Figure 4: Unit cell volume and X-ray density variation of
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Table 1: Crystalline size, lattice parameter, volume of unit cell, and x-ray density Al;_,Cd,Cr,O4 where x=0.00, 0.02, 0.04, 0.06,

0.08, and 0.10 nano chromites

Composition Crystalline Lattice Volume of X-ray density Cutoff Band gap
size (nm) parameter (A) unit cell (A) (g/cm3) wavelength (nm) energy (eV)
AlCr204 23.69 8.225 556.607 4.652 440 2.21
Alg9gCdy 0,Cr,04 19.56 8.731 665.581 3.923 437 2.83
Al 9sCdg ¢4CryO4 25.66 8.755 671.082 3.925 424 2.90
Alg.94Cdy 06Cr,04 23.92 8.752 670.391 3.963 418 2.96
Aly92Cdy ¢5Cr,04 24.12 8.761 672.466 3.984 423 2.93
AlyoCdy,;Cry,04 23.65 8.767 673.855 4.010 440 2.81
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Figure 5: (a-f) Scanning electron microscopy images of Al;_Cd,Cr,0, nanocrystals. Where x = 0.00, 0.02, 0.04, 0.06, 0.08, and 0.10.

crystallinity or possible porosity, which may enhance applications such
as photocatalysis by increasing active surface area [20]. The image
indicates successful synthesis of rod-like nanostructures.

EDS is a powerful analytical technique that provides elemental
composition analysis for materials, including nanomaterials. EDS
identifies and quantifies the elements present in a nanomaterial. This
is critical for confirming the intended composition of synthesized

KROS Publications

materials, such as metal oxides or doped nanostructures. EDS helps
detect unintended impurities or residual elements from synthesis
processes, ensuring the purity of the nanomaterial. EDS verifies the
stoichiometric ratio of elements, ensuring proper formation. EDS
is fast, non-destructive, and compatible with most nanomaterials,
making it a versatile tool for routine characterization. Figure 6a-1
represents the energy dispersive spectrum of Cd doped Al nano
chromites prepared by citrate gel auto combustion method. The

www.ijacskros.com



Indian Journal of Advances in Chemical Science

2025; 13(1): 10-24

Quantitative results

D 2 4 6 8
E ull Scale 7149 cts Cursor. 0.000

>
o Al Cr
Quantitative results

Weight%

Quantitative results

ull Scale 6047 cts Cursor: 0.000

2 4 6 8
ull Scale 7086 cts Cursor: 0.000

Quantitative results

50 H
20 H
10 H
8 o
o Al cr cd

Quantitative results

40
10 H
) o
p 2 4 & 3 o Al cr cd

P Scale 3723 cts Cursor. 0.000

I
o
I

Weight%
8

(=0 Scale 700 cts Cursor: 0.000

Weight%

N
o
I
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resultant EDS spectrum contains Cd, Al, Cr, and O elemental
composition of a sample. The spectrum confirms the presence
of chromium oxide with possible contributions from Al and Cd.
This information is critical for confirming synthesis outcomes and
assessing material composition.

3.3. FTIR Spectroscopy

FTIR spectroscopy is a vital tool in nanomaterials research as it
provides detailed insights into their chemical composition, functional
groups, and molecular interactions. It is essential for confirming
the presence of specific functional groups, such as metal-oxygen
(M—-0) bonds in metal oxides, and identifying surface modifications
or residual impurities from synthesis processes. FTIR also aids
in studying the interactions between nanomaterials and other
substances, such as in nanocomposites, and helps monitor changes in
functional groups during thermal or chemical treatments. Figure 7a-f
indicates the FTIR spectrum of Al ,Cd,Cr,O, nanocrystals. Where
x = 0.00, 0.02, 0.04, 0.06, 0.08, and 0.10. The bands in the 400 cm™
and 600 cm™ wavenumber domain in the FTIR spectra of chromites
(such as spinel oxides) correspond to the characteristic vibrations
of cations in octahedral and tetrahedral sites of the spinel lattice.
The 600 cm™ band corresponds to the stretching vibration of metal-
oxygen bonds in the tetrahedral sites (A2+-O)‘ These bonds are
shorter and stronger due to the smaller coordination number (4) in the
tetrahedral geometry, leading to higher vibrational frequencies. The

400 cm™ band is associated with the stretching vibration of metal-
oxygen bonds in the octahedral sites (B*"-O) [21]. These bonds are
longer and weaker compared to tetrahedral sites due to the higher
coordination number (6), resulting in lower vibrational frequencies.
The distinct positions of these bands help confirm the spinel structure
of chromites.

3.4. Optical Studies of Cd Substitutes Al NPs

UV-visible spectroscopy is a vital technique for studying the optical
properties of materials, offering insights into their light absorption
behavior and electronic structure. The absorbance spectrum reveals
the material’s ability to absorb specific wavelengths, which is directly
related to electronic transitions, such as the movement of electrons
from the valence band to the conduction band. Figure 8 shows the UV-
Vis spectrum of prepared Al;_Cd,Cr,0O4 where x-0.00 to 0.1 with 0.02
variation synthesized by citrate gel auto combustion method recorded
from 200 nm to 700 nm wavelength range [22]. Absorbance of the
material decreases as increasing the concentration of cadmium, the
optical band gap energy was determined by using Tauc plots [23].
Changes in the absorption spectra, such as peak shifts or variations
in intensity, indicate modifications in the material’s structure,
composition, or electronic properties. These studies are particularly
significant for applications in photocatalysis, and photovoltaics
devices, where the tailored optical properties enhance light-harvesting
efficiency and performance.
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Figure 7: (a-f) Fourier-transform infrared spectrum of Al;_,Cd,Cr,04 nanocrystals. Where x = 0.00, 0.02, 0.04, 0.06, 0.08, and 0.10.
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Figure 8: Ultraviolet-visible spectrum of Al;_Cd,Cr,O4
nanocrystals. Where x = 0.00, 0.02, 0.04, 0.06, 0.08, and 0.10.

The Tauc plots in Figure 9a-f illustrate the variation in optical band gap
energy (Eg) for AlCr,O,4 and its Cd-doped derivatives. The undoped
AlCr,0,4 exhibits aband gap of 2.21 eV, indicating its suitability for visible
light absorption. With Cd doping, the band gap values vary systematically,
reaching a maximum of 2.96 eV for Sample Al10.94Cd0.06Cr204 and a
minimum of 2.33 eV for Sample Alj¢4CdgsCr,04 [24]. This variation
highlights the influence of Cd incorporation on the material’s electronic
structure, suggesting the potential tunability of optical properties.
The trend indicates that moderate Cd doping increases the band gap,
likely due to reduced defect density or structural modifications, while
excessive doping reduces it, possibly due to lattice distortion or defect
formation [25,26]. Such tunability makes these materials promising for
optoelectronic applications.

3.5. PL Spectrum of Cd Substituted

PL spectroscopy is essential for studying the optical properties and
electronic behavior of Cd-doped Al nano chromites. It provides insights
into the material’s electronic structure, including defect states, which
are critical for applications such as photocatalysis and optoelectronics.
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Figure 9: (a-f) Tauc’s plots of Al;_,Cd,Cr,0O4 nanocrystals. Where x = 0.00, 0.02, 0.04, 0.06, 0.08, and 0.10.
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Figure 10: (a-f) Photoluminescence spectrum of Al;_Cd,Cr,O, nanocrystals. Where x = 0.00, 0.02, 0.04, 0.06, 0.08, and 0.10.

Staphylococcus

Kiebsiella

Figure 11: Antibacterial activity of Al Cd,Cr,0O, where
x = 0.00, 0.04, and 0.10 nano chromites against Staphylococcus
and Bacillus.
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The technique helps assess the impact of Cd and Al on charge carrier
dynamics by analyzing recombination rates of photogenerated
electrons and holes, with weaker PL intensity indicating enhanced
charge separation and better photocatalytic efficiency [27,28].

The spectrum Figure 10a-f shows a broad PL emission in the range
of approximately 400-470 nm, peaking near 450 nm. This suggests
a strong emission in the blue region of the visible spectrum. With an
excitation wavelength of 350 nm (UV region), the emission indicates
radiative recombination of photoexcited charge carriers. The peak
around 450 nm corresponds to electronic transitions, likely involving
energy states influenced by the Al and Cd dopants. The broadness of
the peak indicates the presence of defect states in the material. These
may include oxygen vacancies, Cr’energy levels, or dopant-induced
trap states, which act as intermediate energy levels between the
conduction and valence bands [29]. The high PL intensity indicates
significant radiative recombination of electrons and holes. While this
is favorable for luminescent applications, it may suggest limited charge
separation, which could impact photocatalytic efficiency.

3.6. Antibacterial Activity of AI-Cd Nano Chromites

Antibacterial activity is of critical importance in various fields, including
medicine, agriculture, and environmental science, as it directly addresses
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the challenge of bacterial infections and contamination. Antibacterial
activity of the synthesized Cd-Al nano chromites tested against four
bacterial agents two Gram-positive (Bacillus and Staphylococcus)
and two Gram-negative (Klebsiella and E. coli) bacterial agents [30].
Figure 11 shows the zone of inhibition images of Cd-substituted
Al nano chromites against bacterial agents. The images represent an
agar diffusion test performed to evaluate the antimicrobial activity of
different samples against the bacterial strain Bacillus, Staphylococcus,
Klebsiella, and E. coli. Clear zones of inhibition are observed around
the disks, indicating the extent to which each sample inhibits bacterial
growth. The sizes of these zones vary, suggesting differences in the
antimicrobial efficacy of the respective samples. This comparative
test provides insights into the potential of the samples as antimicrobial
agents, with larger zones of inhibition reflecting higher activity [31].
Table 2 shows the zone of inhibition values of the antimicrobial activity
of Cd-doped Al nano chromates against Gram-positive (Staphylococcus
and Bacillus) and Gram-negative (E. coli and Klebsiella) bacterial
pathogens. The zone of inhibition, measured in millimeters, indicates
the effectiveness of each sample in inhibiting bacterial growth. Among
the tested samples, AlCr,0, and Al oCd, ;Cr,O4 show activity.

Table 3 shows the MIC values analysis of the antibacterial efficacy of
Cd-doped Al nano chromites, synthesized through the citrate gel auto-
combustion method, against four bacterial strains: Staphylococcus,
Bacillus, E. coli, and Klebsiella. Two types of nanoparticles, Cd-1 and
Cd-6, were tested at varying concentrations (25 uL, 50 uL, 75 puL, and
100 uL), and their effects were measured in terms of the inhibition zone
diameter (in mm) and the minimum inhibitory concentration (MIC).
Figure 12 indicates the minimum inhibition concentration (MIC) of
Aly_Cd,Cr,04 where x = 0.00, 0.04, and 0.10 nano chromites against
Staphylococcus, Bacillus, E. coli, and Klebsiella Cd-1 exhibited

antibacterial activity across all tested organisms, with an MIC of 75 uL
for Staphylococcus, Bacillus, and E. coli, and a slightly higher MIC
of 100 uL for Klebsiella. Similarly, Cd-6 showed effective activity
against Staphylococcus (MIC = 50 uL), Bacillus (MIC = 75 uL), and
Klebsiella (MIC = 100 pL), but it showed no activity against . coli.
These results suggest that both Cd-1 and Cd-6 nanoparticles are
effective antibacterial agents, with varying potency depending on the
bacterial strain and the nanoparticle type.

3.7. Antifungal Activity of AI-Cd NPs

Figure 13 illustrates zone of inhibition of antifungal activity of
Cd-Al nano chromates against two fungal strains: Aspergillus and
Candida. In the Aspergillus plate, clear inhibition zones are observed
around the Cd-1 indicating their antifungal activity, though the size
of the zones suggests variation in efficacy among the nanoparticles.
Similarly, the Candida plate shows inhibition zones around Cd-1 and
Cd-6, confirming their effectiveness against this strain as well. Table 4
presents the antifungal activity of Cd-doped Al nano chromates
against Candida and Aspergillus, measured as zones of inhibition
in millimeters. Among the tested samples, Cd-1 exhibited a 10 mm
inhibition zone against Candida but showed no activity against
Aspergillus. Cd-3 demonstrated no antifungal activity against either
fungal strain. Cd-6 was effective against both pathogens, with a 10 mm
inhibition zone for Candida and Aspergillus [32].

Table 5 shows the MIC values derived from the analysis of antifungal
activity of cadmium substituted Al nano chromites. For Cd-1
nanoparticles, the MIC against Candida was recorded at 50 uL, showing
an inhibition zone of 8 mm at both 50 uL and 75 uL concentrations
and 10 mm at 100 pL. Aspergillus, however, exhibited no observable

Table 2: Zone of inhibition values of Cd doped Al nano chromates nano against Gram-positive and Gram-negative bacterial

pathogens
S. No. Sample Name Gram-positive bacterial pathogens Gram-negative bacterial pathogens
Zone of inhibition (mm) Zone of inhibition (mm)
Staphylococcus Bacillus Escherichia coli Klebsiella
1 Cd-1 (AICr,04) 08 mm 08 mm 08 mm 08 mm
2 Cd-3 - - - -
3. Cd-6 (A10'9Cd0‘1Cr204) 08 mm 07 mm 08 mm 08 mm
4 Standard 14 mm 10 mm 12 mm 12 mm

Cd: Cadmium, Al: Aluminum

Table 3: MIC analysis of antibacterial activity (Staphylococcus, Bacillus, E. coli, and Klebsiella) against of Cd doped Al nano

chromates nano chromates by citrate gel auto combustion method

S. No. Name of organism Name of the nanoparticles Concentration of samples MIC of sample (nL)
25 uL 50 nL. 75 nL 100 nLL
1. Staphylococcus - - 08 mm 10 mm 75 uL
2. Bacillus Cd-1 - - 08 mm 10 mm 75 uL
3. E. coli 08 mm 10 mm 75 uL
4. Klebsiella (AICr,04) 10 mm 100 uL
5. Staphylococcus 08 mm 10 mm 12 mm 50 uL
6. Bacillus 08 mm 08 mm 75 uL
7. E. coli ca6 - - - - -
8. Klebsiella (AlyoCdy1Cr,04) 10 mm 100 uL
E. coli: Escherichia coli, Cd: Cadmium, Al: Aluminum
KROS Publications 19 www.ijacskros.com
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Staphylococcus - Cd-6

Figure 12: Minimum inhibition concentration (MIC) of Al;_Cd,Cr,O4 where x = 0.00, 0.04, and 0.10 nano chromites against

staphylococcus, Bacillus, Escherichia coli, and Klebsiella.

Aspergillus

cadida
Figure 13: Anti-fungal activity (Aspergillus and Candida) of
Al ,Cd,Cr,0O4 where x = 0.00, 0.04, and 0.10 nano chromites.

inhibitory activity against Cd-1. For Cd-6 nanoparticles, Aspergillus
demonstrated an MIC of 100 uL, producing a 10 mm inhibition zone
at that concentration. Figure 14 illustrates the minimum inhibition
concentration (MIC) of Al;_,Cd,Cr,O4 where x = 0.00, 0.04, and 0.10
nano chromites against Aspergillus and Candida. In contrast, Candida
showed antifungal activity with an MIC of 50 uL, producing inhibition
zones of § mm at both 50 uL and 75 uL and 12 mm at 100 uL. These

KROS Publications

Table 4: Zone of inhibition values of Cd*"doped Al nano
chromates against Candida and Aspergillus

S. No. Sample name Fungal pathogens
Zone of inhibition (mm)
Candida Aspergillus
1 Cd-1 10 mm -
2. Cd-3 - -
3. Cd-6 10 mm 10 mm
4 Standard 12 mm 10 mm

Cd: Cadmium, Al: Aluminum

results highlight the potential of Cd-doped Al nano chromates as
antifungal agents, particularly against Candida with Cd-6 nanoparticles.

3.8. Anti-cancer Activity of Cd Doped Al Chromite Particles

Inorganic nanoparticles, especially nano chromites, have been

researched for potential biomedical uses in recent years. HeLa
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cells, a proven model for studying human cervical cancer, were
used to analyze samples of cd* doped Al nano chromites for
their anticancer properties. HeLa cells are usually kept in a CO,
incubator and are grown under carefully regulated laboratory
settings, which include the provision of an ideal growth medium,

temperature, and humidity. When compared to untreated control
cells, the evaluation of cell viability a critical component of the
study is frequently expressed as either relative vitality or percentage
viability [33]. Half-maximal inhibitory concentration (ICsg) values,
which show the concentration at which a substance suppresses cell

Table 5: MIC analysis of antibacterial activity (Staphylococcus, Bacillus, E. coli, and Klebsiella) against of Cd doped Al nano
chromates

S. No. Name of organism Name of the Nanoparticles Concentration of samples MIC of sample (nL)
25 uLL 50 pLL 75 nL 100 pL

1 Aspergillus Cd-1 - - - - 50 uL

2. Candida (AICr204) . 08Smm  0Smm  10mm -

1. Aspergillus Cd-6 10 mm 100 uL

2 Candida (Alp.9Cdo.1Cr204) 0$mm  0$mm  12mm 50 uL

Cd: Cadmium, Al: Aluminum

Aspergillus - Cd-8

Candida - Cd-1 Candida - Cd-6

Figure 14: Minimum inhibition concentration (MIC) of Al; Cd,Cr,O4 where x = 0.00, 0.04, and 0.10 nano chromites against
Aspergillus and Candida.

25pg SO0ug

Sug 10pg

Sug 10pg 25ug SOug

100ug

100pg
Figure 15: (a) Cell viability of AICr,0O4 nano chromites against Hela cell. (b) Cell viability of Aly¢sCd 04Cr,O4 nano chromites
against Hela cell. (c) Cell viability of Aly¢Cd, ;Cr,04 nano chromites against Hela cell.

Sug 10ug 25ug SOug
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Table 6: Hela cells were treated with Al,_,Cd,Cr,0, where x=0.04, and 0.10 nano chromites of Absorbance, % inhibition,
viability, and ICs, values

S.No. Name of the Concentration (mg) Absorbance at 570nm Percentage (%) Percentage (%) ICsy (mg)
sample of inhibition of Viability

1. Cd-1 5 0.584 7.15 92.85 69.12

2. 10 0.527 16.21 83.79

3. 25 0.436 30.68 69.32

4. 50 0.323 48.64 51.36

5. 100 0.241 61.68 38.32

6. Untreated 0.629 0 100

7. Blank 0 0 0

1. Cd-3 5 0.576 8.42 91.58 53.22

2. 10 0.469 25.43 74.57

3. 25 0.373 40.69 59.31

4. 50 0.264 58.02 41.98

5. 100 0.178 71.70 28.3

6. Untreated 0.629 0 100

7. Blank 0 0 0

1. Cd-6 5 0.593 5.72 94.28 67.27

2. 10 0.554 11.92 88.08

3. 25 0.448 28.77 71.23

4 50 0.311 50.55 49.45

S. 100 0.227 63.91 36.09

6. Untreated 0.629 0 100

7. Blank 0 0 0

ICso: Half-maximal inhibitory concentration

100 100
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Figure 16: % of Cell viability of the Al,_,CdCr,04 where x = 0.00, 0.04, and 0.10 nano chromites.

viability by 50%, are calculated and the significance of observed Table 6 shows the anticancer activity of Al,,Cd,Cr,O, with x = 0.0,
effects is evaluated statistically. The cell viability of Al, (Cd,Cr,0,  0-04 and 0.10 nano chromites against HeLa cells was evaluated
through MTT assay, measuring absorbance, percentage inhibition,
and cell viability, Among the tested samples AlgygsCdggsCry04
displayed in Figure 15a-c. exhibited the highest potency with an ICs, value of 53.22, indicating

with x = 0.0, 0.04, and 0.10 nano chromites against Hela cells is
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stronger inhibition of HeLa cell growth. At the highest concentration
(100 mg), Cd-3 achieved 71.70% inhibition with only 28.30% cell
viability, showing dose-dependent cytotoxicity. In comparison, Cd-1
and Cd-6 displayed moderate activity with ICsy values of 69.12 mg
and 67.27 mg, respectively. These results suggest that Cd-3 holds the
most promise as an effective candidate for anticancer studies. Cancer
cells, particularly HeLa cells, can easily absorb these nanoparticles
due to their small size and special surface properties. Cd-doped Al
nanoparticles show promise as a novel method for increasing the
effectiveness of radiation therapy in cervical cancer, such as HeLa
cells, because they specifically target cancer cells, intensify the effects
of radiation therapy, and may even cause apoptosis in cancer cells
while minimizing damage to healthy tissues. The % of cell viability
of Al ,Cd,Cr,04 with x = 0.0, 0.04, and 0.10 nano chromites against
Hela cells at varying concentrations is shown in Figure 16.

4. CONCLUSIONS

Using the citrate gel auto combustion method, Al ,Cd,Cr,04 with x =
0.00, 0.02, 0.04, 0.06, 0.08, and 0.10 calcinated temperature at 500°C
has been successfully synthesized. The samples’ crystalline sizes range
from 19 nm to 25 nm, whereas lattice parameter values observed
8.225-8.767 A. The SEM images would show the distribution of these
sizes, providing details regarding the homogeneity. The 550 cm '
and 625 cm ! portion of the FTIR spectrum correspond to the Cr-O
or Al-O stretching vibrations of the tetrahedral sites and the Cd-O
octahedral sites, respectively. The addition of Cd ions to the AlCr,Oy4
matrix causes a systematic change in the trend of band gap energy
values. Potential tunability for particular optoelectronic applications is
indicated by the band gap modulation. The peak at 450 nm in the PL
spectrum suggests defect-driven emission in the blue region, indicating
successful Cd-Al doping in chromites. It is possible to modify the
material’s optical characteristics for use in blue-emitting luminous
devices. The antibacterial activity of Al Cd nano chromites has been
investigated against both Gram-positive and Gram-negative bacteria,
such as Staphylococcus and Bacillus, as well as Klebsiella and E. coli.
The lowest MIC value against Staphylococcus was reported to be 50 uL.
for AlyoCdy Cr,04. Candida exhibited the biggest zone of inhibition
(12 mm) in the Aly¢Cd, ;Cr,O4 sample.
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