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A series of Coo.25Sro.50MnxCrz2xOs4 nanochromite samples, where x ranges from 0.05, 0.15, 0.25, were prepared by the citrate gel-auto
combustion technique. The structural, optical and biological activities of the prepared samples were investigated. A single-phase cubic
spinel structure was confirmed by XRD with Fd3m space group. The crystalline size was found to be in the range of 5.80 to 19.86 nm,
calculated using Scherrer formula. FESEM images revealed a spherical and agglomerated structure and the presence of Mn, Co, Sr, Cr
and O was confirmed by the EDS spectrum. The presence of M-O bond linkage in tetrahedral and octahedral bands was in the FTIR
spectrum. The band gap energy of the samples ranged from 1.93 eV and 1.52 eV calculated using Tauc plots. The biological studies were
investigated through antibacterial and antifungal activity using the pour plate method. The synthesized nanospinels exhibited significant
antifungal activity against Candida and Aspergillus, with clear zones of inhibition (~12 mm) and low MIC values (as low as 25 pL),
demonstrating strong dose-dependent efficacy. Furthermare, the prepared nanochromites exhibited partial ctDNA cleavage and moderate
DNA binding affinity (Ko ~10* M), indicating weak-to-moderate groove/electrostatic interactions. While antibacterial activity was
minimal, the materials demonstrated pronounced antifungal efficacy against Candida and Aspergillus, with ~12 mm inhibition zones and
low MIC values (> 25 pL), confirming composition-dependent and dose-responsive antifungal performance.
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INTRODUCTION concentration and cation disorder which can be used to regu-
late optical absorption, charge-carrier dynamics and surface
reactivity [8,9]. In this context, doping with alkaline-earth
metals, particularly strontium (Sr?*), has emerged as a promi-
sing yet underexplored strategy. The larger ionic radius of Sr?*
compared to typical divalent cations induces lattice distortion
and defect formation, which significantly influences the
physico-chemical and biological properties of the material
[10,11]. Inaddition to environmental catalysis, recent develop-
ments have found that transition metal-based spinel nano-
materials can have large biological activity. The formation of
redox-active metal centers, surface charge and production of
reactive oxygen species makes the wide-spectrum antimicro-
bial activity against bacterial and fungal strains possible.
Also, metal oxides with nano sizes have been found to react
with biomacromolecules, especially, DNA, by utilizing electro-
static attraction, groove binding, intercalation and oxidative
cleavage processes [12-14]. This type of DNA binding and

The spinel chromites are a main family of transition-
metal oxides with the general formula A?*B2**O, and whose
physicochemical properties are strongly controlled by the
distribution of cations between tetrahedra (A) shells and octa-
hedra (B) [1-3]. Chromium occurs naturally in the form of chromite
(FeO2Cr,03), which is usually formed by differentiation
during the igneous formation of ultramafic and metamorphic
environments and has historically been the starting material
of engineered chromites [4-6]. Due to their high thermal and
chemical stability, tunable electronic structure and chemical
strength, synthetic chromite spinels have remained of interest
to applications in catalysis and optoelectronics [7]. Other spinel
systems exhibit a highly enriched redox chemistry and tun-
able changeable valence state, allowing them to be highly
electronically coupled and defect mediated transport.

The substitutional doping, either A-site or B-site, is an
effective method of regulating lattice strain, oxygen vacancy
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cleavage is of great interest in antimicrobial action, anti-
cancer intervention and bio-nano interface engineering.

Though, non-many systematic studies have introduced
optical properties with antimicrobial properties and DNA
interactions in a single chromite spinel structure. The several
traditional synthetic metthods of preparing chromite spinels,
including solid-state reaction, hydrothermal processing and
mechanical milling, can be characterised by the need of high
temperatures, long reaction periods and complicated proce-
ssing conditions [15,16]. Citrate gel auto-combustion in cont-
rast, is a cost-effective, energy-efficient and environmentally
benign process to obtain, in phase-pure form, nanocrystalline
spinels with a controlled stoichiometry and homogeneous
cation distribution [17,18]. This approach is particularly suit-
able for defect-engineered and doped spinel systems. In this
context, the present work focuses on the synthesis of strontium-
doped Co-Mn spinel nanochromites via the citrate gel auto-
combustion method, followed by a comprehensive investiga-
tion of their structural, optical, biological and DNA cleavage
and binding properties.

The present work reports the low-temperature synthesis
of nanosised samples, C0o.25Sro50MnyCr2xO4 samples where
x ranges from 0.05, 0.15, 0.25 spinel with a confirmed single-
phase cubic structure. The multi-cation substitution enabled
tunable band gap in the visible region along with ultra-small
crystallite size. A comprehensive correlation between struct-
ural, optical and biological properties was established. Remark-
ably, this study reveals broad-spectrum antimicrobial activity
and significant DNA interaction behaviour, aspects that are
rarely explored in this spinel system. By systematically eval-
uating antibacterial, antifungal and DNA binding/cleavage
properties, the work bridges the gap between conventional
chromite-based applications and emerging bio-nanotechno-
logical uses.

EXPERIMENTAL

In the present study, the starting compounds used consist
of cobalt nitrate hexahydrate [Co(NO3)2-6H20], strontium
nitrate hexahydrate [Sr(NOs)2-6H,0], manganese(ll) nitrate
tetrahydrate [Mn(NQ3z)2-4H,0], chromium nitrate nonahydrate
[Cr(NOs3)s-9H,0], citric acid monohydrate and aqueous amm-
onia solutions. All chemicals were of analytical reagents (AR)
grades, obtained from SD Fine Compounds and were utilised
without any further purification.

Synthesis of nanostructured Co0o0.25Sro50MnxCr2xOs
samples: The nanostructured Coo 25Sros0MnyCraxOs (Where
X = 0.05, 0.15, 0.25) samples were synthesised using the
citrate sol-gel method. In this method, citric acid served both
as a chelating agent and as a fuel for the auto-combustions
process. According to the required stoichiometric ratios, the
synthesis began by dissolving the metal nitrates in distilled
water. Th citric acid was then added in a 1:3 molar ratio
(nitrates:citric acid) to ensure proper chelation and gel form-
ation. The solution was stirred continuously, and aqueous
NH; was added dropwise to adjust the pH to neutral (pH = 7).
After 2 h of constant stirring to ensure homogeneity, the
resultant solutions were heated to 80 °C. For around 12 h, the
reaction mixture was kept untouched. The solution was then

allowed to evaporate slowly until its volume reduced to about
one-fourth of the original, resulting in the formation of a
viscous gel. The temperature was then increased to around
200 °C to initiate a self-propagating combustion reaction.
After ignition, a black fluffy powder was obtained, indicating
successful synthesis. The as-formed powder was ground and
calcined at 500 °C for 4 h to improve crystallinity. After cool-
ing, the product was further milled for 1 h to ensure uniform
particle size. The resulting nanostructured samples were then
used for further characterization [19].

Characterisation: The structural properties and phase
purity of the samples were analyzed using a Rigaku Miniflex
600 X-ray diffractometer (XRD). Morphology and particle size
were examined by field emissions scanning electron micro-
scopy (FESEM), while elemental composition and distribution
were determined using energy disperses X-ray spectroscopy
(EDAX) with a ZEISS system. Fourier transforms infrared
spectroscopy (FTIR) spectra (4000-400 cm™) were recorded
using a Shimadzu FTIR 8400 to confirm the spinel formation.
Optical properties were studied using a Shimadzu UV-3600
spectrophotometer in the 200-400 nm range.

DNA cleavage experiment: The nanochromite samples
were dissolved in DMSO and added individually to ctDNA
solutions. The mixtures were incubated at 37 °C for 1 h. DNA
cleavage was analyzed by agarose gel electrophoresis. A 1%
agarose gel was prepared in 1x TAE buffer (pH 8.0) and
allowed to solidify. The DNA samples, mixed with bromo-
phenol blue loading dye, were loaded into the wells along with
a control DNA sample. Electrophoresis was carried out at 100 V
until the dye front reached the end of the gel. The gel was then
stained with ethidium bromide (10 png/mL) for 10-15 min and
DNA bands were visualized under a UV transilluminator.

DNA binding experiment: The interaction of the comp-
ounds with ctDNA was studied using UV-Vis absorption
spectroscopy (Shimadzu UV-Vis 2600). Measurements were
performed in TAE buffer (40 mM Tris-acetate, 1 mM EDTA,
pH 7.2) at 25 °C. During absorption titration, the compound
concentration was kept constant at 10 uM, while ctDNA con-
centration was gradually increased in increments of 20 uM to
evaluate binding behaviour.

Antibacterial activity: For antibacterial testing, 1% of
actively grown bacterial culture was mixed with sterilized
molten agar medium and poured into sterile Petri dishes using
the pour plate method. Staphylococcus and Bacillus were
used as Gram-positive strains, while Escherichia coli and
Klebsiella were selected as Gram-negative strains. After the
agar solidified, sterile wells were made using a well borer,
and 100 pL of each test sample was added to the wells. The
plates were incubated at 37 °C for 18-24 h. The antibacterial
activity was evaluated by measuring the zones of inhibition
around the wells.

Antifungal activity: The antifungal activity was evaluated
using the pour plate method against Candida and Aspergillus
species. Yeast extract peptone agar (YEP) and potato dextrose
agar (PDA) were prepared and sterilized by autoclaving. To
prevent bacterial contamination, streptomycin or chloramph-
enicol was added before pouring the media into sterile Petri
plates. After solidification, 5 mm wells were prepared using
a sterile well borer and 100 uL of each test sample was added
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to the wells. The plates were incubated at 25 °C for 96 h. The
antifungal activity was determined by measuring the zones of
inhibition around the wells.

RESULTS AND DISCUSSION

XRD studies: Fig. 1 shows the X-ray diffraction (XRD)
patterns of the synthesised Co00.25Sr050MnyCr2xO4 samples
(where x = 0.05, 0.15, 0.25). The XRD pattern shows a single
phase cubic spinel structure with the Fd3m space group and the
absence of impurity peaks. The XRD pattern shows the
diffraction peaks corresponding to CoSrCr,Qy4, in agreement
with the reference pattern of the undoped material. The peaks
were indexed to the crystallographic planes (011), (200), (220),
(221), (311), (213) and (402). The average crystallite size was
calculated using Scherrer’s formula based on the full width
at half maximum (FWHM) of the major diffraction peaks [20].

D= 0.94) ()
Bcos

where A indicates wavelength, B indicates FWHM and Bragg
angle is 6. The average crystalline size ranges from 5.80 to
19.86 nm, with the minimum value of 5.80 nm observed for
the x = 0.05 composition. The results confirm that the cryst-
allite size increases progressively with increasing manganese
content in the Cog.25Sro50MnxCraxQ4 samples. Furthermore,
the lattice parameters (a) were calculated [21] using egn. 2:

Lattice parameter (a) =+/h* +k? +1° 2

whereas d refers interplanar distance and hkl represents the
miller indices.
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Fig. 1. XRD patterns of C0g25Sro50Mn«Cr,O4 (where x = 0.05, 0.15, 0.25)

The lattice parameter varies between 6.434 to 8.452 A with
minimum value found to be 6.434 A for x = 0.05 composition.
Eqgn. 3 was used to calculate the unit cell volume of the
nanochromite samples.

Volume of unit cell (v) = a® ©)

where a represents the lattice parameter. The unit cell volume
was found be range 553.78-603.88 A. The crystallite size was
initially higher for the x = 0.05 composition, then decreased
with further substitution and finally increased up to 603.88 A.
The X-ray density of the samples was calculated using egn. 3:
8M

NG (4)

The X-ray density of the prepared C0o.255r0.50MnxCrzxOs
(where x = 0.05, 0.15, 0.25) nanochromites was observed to
range from 5.0 to 5.43 g cm3. The highest X-ray density was
observed for the x = 0.15 composition. All the structural para-
meters obtained from XRD analysis including crystallite size,
lattice parameters, X-ray density, unit cell volume and specific
surface area, are summarized in Table-1.

FESEM analysis: The prepared samples were being
examined for morphological structure and particle size using
FESEM. The surface features were studied by the use of secon-
dary electron images to enlarge on the surface characteristics.
Fig. 2 shows the FE-SEM images of synthesised nanochro-
mites. The FESEM images of all compositions show similar
morphological features, indicating a consistent synthesis pro-
cess. The particles are mostly spherical and nanosized, in
agreement with the crystallite size obtained from XRD ana-
lysis [22]. The uniform shape and distribution confirm the
formation of nanostructured materials. Moderate agglome-
ration is observed, with a similar trend in all compositions.

EDAX: Fig. 3 indicates the EDAX spectrum of synthe-
sised C0o.25Sr0.50MnxCro.«O4 (Where x = 0.05,0.15, 0.25) nano-
chromites. The EDS spectra for x = 0.05, 0.15 and 0.25 clearly
display peaks corresponding to Co, Sr, Mn, Cr and O (Fig. 3),
confirming their presence in all compositions. The atomic and
weight percentages listed in Table-1 closely match the expected
stoichiometric values, indicating high purity with no detectable
impurities. This agreement between the spectra and the tabulated
data confirms the successful synthesis of the spinel nanochro-
mites.

FTIR studies: As shown in Fig. 4, the FTIR spectra of
C00.255r0.50MnxCr2xO4 (Where x = 0.05, 0.15, 0.25) nanochro-
mites shown in Fig. 4, display two main absorption bands
around 477 and 625 cm™, which correspond to metal-oxygen
(M-0) vibrations at octahedral and tetrahedral sites, respect-
ively [23]. These bands confirm the formation of the spinel
structure with cations occupying both sites. A band near 940
cm is attributed to O—H bending vibration, while the broad

X-ray densty (dx) =

TABLE-1
CALCULATED VALUES OF PEAK POSITIONS, FWHM, AVERAGE CRYSTAL LINES SIZE, VOLUMES OF UNIT CELL
AND X-RAY DENSITY VALUES OF C0o.25Sr050MnxCr2xO4 (where x = 0.05, 0.15, 0.25) NANOCHROMITES

Peak position Average crystalline Lattice Volumes of X-ray densit
S 28 © FWHM (B) siz?a (Dr,ynm) parameters (A) unit cell (A) (gycm‘3) ’
x=0.05 30.76 0.348 5.80 6.434 599.99 5.02 x 10
x=0.15 35.93 0.314 19.88 8.211 553.78 543 x10%
x=0.25 39.87 0.300 16.17 8.452 603.88 5.00 x 10
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Fig. 2. FESEM micrographs of synthesised C00.25Sr0.50MnxCr2-xO4, X = 0.05,0.15, 0.25.
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Fig. 3. EDS spectra of C0o.25Sr050MnxCr2-xO4 (Where x = 0.00, 0.05, 0.25)
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Fig. 4. FTIR spectra of C00.25Sr0.50MnxCr2.xO4 (where x = 0.05, 0.15, 0.25)

band around 3400 cm* (not shown in this range) is due to O-H
stretching, indicating the presence of surface-adsorbed hydro-
xyl groups.

UV-DRS studies: The UV-DRS spectra (Fig. 5) show
strong absorption in the visible region for all compositions,
and the absorption intensity increases with increasing Mn
content (x = 0.05 to 0.25). A visible red shift in the absorption
edge is observed as Mn concentration increases, indicating a
reduction in band gap energy. The corresponding Tauc plots
(Fig. 6), obtained from the Kubelka-Munk function [F(R)?
versus photons energy (hv)], confirm the direct band gap
nature of the samples. The extrapolation of the linear region
to the energy axis gives band gap values of 1.86 eV (x = 0.05),
1.68 eV (x =0.15), and 1.52 eV (x = 0.25).

The gradual decrease in band gap with increasing Mn
substitution is consistent with the red shift observed inthe Uv- 200 300 400 500 600 700 800
DRS spectra. This reduction in band gap can be attributed to Wavelength (nm)

Mn-induced modification of the electronic structure, possible Fig. 5. UV-DRS of C00.25Sr050Mn,Cr2xO4 (where x = 0.05, 0.15, 0.25)

Absorbance (a.u.)
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Fig. 7. Fluorescence spectra of C0o.25Sr0.50MnxCrz-xO4 (Where x = 0.05, 0.15, 0.25)

cation redistribution between tetrahedral and octahedral sites,
and the presence of defect states within the spinel lattice [24].
Thus, both UV-DRS and Tauc analysis clearly demonstrate
that Mn doping effectively tunes the optical properties of the
Co—Mn spinel nanochromites.

Photoluminescence study: As shown in Fig. 7, the PL
spectra of Coo.25Sro50MnyCr2.4O4 (Where x = 0.05, 0.15, 0.25),
recorded at an excitation wavelength of 300 nm, display a strong
emission band in the visible region around 560-580 nm. This
emission confirms the radiative recombination of photo-gene-
rated electron-hole pairs in the spinel structure. The emission
peak position remains nearly the same for all compositions,
while the intensity changes with increasing Mn content. This
variation in intensity indicates that Mn substitution influences
the electronic structure and defect states of the material. The
strong visible emission suggests efficient light absorption and
recombination processes, which are closely related to the stru-
ctural characteristics and particle size of the nanochromites
[25].

DNA cleavage studies: DNA cleavage was evaluated by
agarose gel electrophoresis (Fig. 8). The C0g.25Sr050Mn«Crz2xO4
(where x = 0.05, 0.15, 0.25) nanochromites showed slight
DNA cleavage activity. The control sample containing only
DNA showed no clear cleavage, confirming that the observed
effect is due to the compounds. The gel images indicate partial
conversion of supercoiled DNA (Form 1) to nicked circular
DNA (Form I1), suggesting limited strand scission. The extent

Fig. 8. The cleavage patterns of the compounds observed under trans-
illuminator which indicates the presence of components as: Track
1: DNA indicator; Track 2: ctDNA; Track 3: DNA + DMSO; Track
4:0.05; Track 5: 0.15; Track 6: 0.25

of cleavage varies with Mn content, but the effect remains
moderate. Since no mechanistic studies or quantitative band
analysis were performed, the cleavage results should be consi-
dered preliminary. Further studies, including densitometric
analysis and radical scavenger experiments, are required to
clarify the cleavage mechanism.
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Fig. 9. UV-vis absorption spectra of the complexes showing progressive hypochromic upon ctDNA binding (20, 40, 60 uM); dashed and
solid lines represent spectra without and with DNA, respectively. Inset: linear plot used to determine the binding constant (Kb)

DNA binding studies: Upon addition of the compounds
to ctDNA, an increase in absorbance intensity along with a
slight shift toward longer wavelength (red shift) was observed,
indicating interaction between the compounds and DNA. The
inset in Fig. 9 shows the linear plot used to calculate the intri-
nsic binding constant (Ky). The calculated Ky, values for x =
0.05, 0.15 and 0.25 are 1.467 x 104 1.26 x 10* and 1.731 x
10* M, respectively. These moderate binding constant values
suggest weak to moderate interaction with DNA, likely
through groove binding or electrostatic interactions rather than
strong intercalation. However, to clearly confirm the exact
binding mechanism, further studies such as viscosity meas-
urements, fluorescence displacement assays and reactive
oxygen species (ROS) analysis are required.

Antibacterial activity: The antibacterial activity of the
synthesised nanochromites was evaluated against Gram-
positive (Staphylococcus, Bacillus) and Gram-negative (E.
coli, Klebsiella) bacteria using the pour plate and well diffu-
sion methods. Table-2 indicates the antibacterial zone of
inhibition results of C0o.25Sr0s50MNn«CraxO4 (Where x = 0.05,
0.15, 0.25) nanochromites. The zone of inhibition for Staphyl-
ococcus strains ranged from 4-8 mm, whereas Bacillus showed
inhibition zones of 4-6 mm. Among these samples, x = 0.05
composition exhibited the highest activity (8 mm) against
Staphylococcus. In contrast, the samples demonstrated stronger
antibacterial activity against Gram-negative bacteria. The

TABLE-2
ANTIBACTERIAL ZONE OF
INHIBITION VALUE OF C00.255r0.50MnxCr2xO4
(where x = 0.05, 0.15, 0.25) NANOCHROMITES

Zone of inhibition (mm)

Sample Gram-positive bacteria Gram-negative bacteria
Staphylococcus  Bacillus E. coli Klebsiella

x =0.05 8 5 8 8

x=0.15 6 4 8 8

x =0.25 4 4 12 8

zone of inhibition against E. coli ranged from 6-12 mm, with
x = 0.25 composition showing the highest activity (12 mm).
Similarly, significant inhibition was observed against Klebsiella,
with maximum zones of 8 mm recorded for all samples. All
the prepared nanochromite samples exhibited enhanced anti-
bacterial efficiency toward Gram-negative bacteria compared
to Gram-positive strains.

Table-3 shows the MIC results of prepared nanochromites
against Gram-positive (Staphylococcus, Bacillus) and Gram-
negative (E. coli, Klebsiella) bacteria. The antibacterial
activity was evaluated at concentrations of 25, 50, 75 and 100
uL. The results clearly indicate concentration-dependent inhi-
bition for all tested organisms. The composition 0.05 sample
Staphylococcus exhibited an MIC of 25 uL. Bacillus, E. coli,
and Klebsiella showed inhibition beginning at 50 pL, with

TABLE-3
MIC RESULTS OF Co0o.25Sr050MnxCr2xO4 (where x = 0.05, 0.15, 0.25) NANOCHROMITES

Concentration (L)

Organism Sample

MIC (uL)

25 75 100
Staphylococcus 4 mm 5mm 5 mm 8 mm 25
Bacillus _ - 4 mm 6 mm 10 mm 50
E. coli NS = 5 mm 5 mm 6 mm 50
Klebsiella - 6 mm 6 mm 7 mm 50
Staphylococcus - - 9 mm 100
Bacillus « =015 6 mm 6 mm 8 mm 12 mm 25
E. coli ' - 5mm 5 mm 7 mm 50
Klebsiella — 6 mm 6 mm 8 mm 50
Staphylococcus - 4 mm 7 mm 75
Bacillus _ 5mm 6 mm 6 mm 10 mm 25
E. coli LSl = 6 mm 8 mm 8 mm 50
Klebsiella - 5 mm 5 mm 6 mm 50
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MIC values of 50 puL. The composition 0.15 sample exhibits
higher MIC value (100 uL) against Staphylococcus, whereas,
Bacillus showed a low MIC of 25 pL. E. coli and Klebsiella
both exhibited MIC values of 50 pL. Similarly, the composi-
tion 0.25 sample showed an MIC of 75 uL against Staphyl-
ococcus and 25 plL against Bacillus. E. coli and Klebsiella
again exhibited MIC values of 50 uL. The results of MIC data
reveal that Bacillus was more sensitive to most nanoparticle
compositions, showing consistently low MIC values (25 pL).
Staphylococcus displayed variable sensitivity depending on
the composition. Gram-negative bacteria generally required
50 pL for inhibition, except in x = 0.05 composition where E.
coli required 100 uL. These findings confirm that antibacterial
efficiency is both concentration- and composition-dependent.
Antifungal activity: The antifungal activity of the prep-
ared nanochromites was also evaluated against Candida and
Aspergillus species using the agar well diffusion method.
Tables 4-6 collectively confirm the antifungal effectiveness
of prepared nanochromites and show a clear composition- and
concentration-dependent behaviour.

TABLE-4
ANTIFUNGAL ACTIVITY ZONE OF
INHIBITION OF Aspergillus C0o.25Sro.50MnxCr2xO4
(where x = 0.05, 0.15, 0.25) NANOCHROMITES

Sample Fungal pathogens

x=0.05 12 mm > 20

x=0.15 10 mm > 20

x=0.25 12 mm > 20
TABLE-5

MIC VALUES Candida OF C0o.25Sro.50MnxCr2xOs
(where x = 0.05, 0.15, 0.25) NANOCHROMITES

Concentration (uL)

Sample ——¢ 50 75 w00 MCEY)

X=005 - 6 6 10 50

x=015  — - 6 8 75

x=025 6 8 10 75
TABLE-6

MIC VALUES Aspergillus OF C00.25Sr0.50MnxCr2xO4
(where x = 0.05, 0.15, 0.25) NANOCHROMITES

Concentration (uL)

Sample —¢ 50 75 w00 MCED
X=005 16 16 16 >20 25
x=015 6 16 16 >20 25
x=025 6 6 16 16 25

Table-4 shows that most compositions exhibit good anti-
fungal activity with zones of inhibition of about 12 mm, except
the x = 0.15 composition sample, which shows relatively
lower activity. Table-5 indicates that against Candida, the
lowest MIC value (50 pL) was observed for x = 0.15 and x =
0.25 composition samples, while other composition required
higher concentrations (75 uL), reflecting moderate variation
in potency with Mn content. Table-6 further demonstrates that
all compositions show strong activity against Aspergillus, with
low MIC values of 25 uL, confirming effective antifungal
performance at low concentrations. Thus, these dilutions were

prepared by mixing the stock solution with solvent in defined
ratios [26]. The results confirm that antifungal activity varies
with concentration, providing insight into the dose-dependent
efficacy of the Co-Sr-Mn nanochromite compounds [27].

Conclusion

The nanochromites, Co0g.25Sros0MnxCro.xO4 (Where x =
0.05, 0.15, 0.25), were successfully prepared by the citrate
gel-auto combustion technique. Citric acid was used as both
a chelating agent and fuel. The average crystalline size ranges
from 5.80 to 19.86 nm, with the minimum value of 5.80 nm
observed for the x = 0.05 composition. The XRD of the nano-
chromites was found to range from 5.0 to 5.43 g cm 3. FESEM
analysis revealed predominantly spherical nanoparticles in
the nanoscale range, consistent with the crystallite sizes
estimated from XRD. FTIR spectra displayed characteristic
bands at 477, 625 and 940 ¢cm™, corresponding to metal—
oxygen vibrations (Co—O, Mn-0 and Cr-0Q), confirming the
formation of the spinel framework. The optical band gap
decreased systematically from 1.93 eV to 1.52 eV with incre-
asing Mn substitution, indicating modification of the electronic
structure due to the cation substitution and possible defect
states within the lattice. The biological evaluation showed
significant antifungal activity against Candida and Aspe-
rgillus, with inhibition zones of approximately 12 mm for
most compositions. These results demonstrate that the prepared
nanochromites possess tunable structural and optical prop-
erties along with promising antimicrobial potential.
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