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INTRODUCTION

Nanomaterials are advanced materials with dimensions
at the nanoscale, offering unique properties that differ signifi-
cantly from their bulk counterparts [1,2]. They can be broadly
categorized into carbon-based materials (e.g. graphene and
carbon nanotubes), metal and metal oxide nanoparticles (e.g.,
Ag, TiO2, ZnO, etc.), ceramic nanomaterials, polymeric nano-
materials, nanocomposites, etc. [3-5]. Among these, nano
chromites, spinel-structured nanomaterials (AB2O4), hold
particular importance for their multifunctional properties.
Nanochromites like NiCr2O4 and CuCr2O4 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].

Cadmium doped Al nano chromites are the class of spinel-
structured materials and belong to the family of mixed-metal
oxides where cadmium (Cd) and aluminium (Al) occupy specific
lattice positions, forming a cubic spinel structure with unique
physical and chemical properties. The structure consists of a
cubic close-packed oxygen lattice with cations occupying inter-
stitial tetrahedral and octahedral sites. In normal spinels like
CdCr2O4, Cd2+ ions predominantly occupy the tetrahedral sites,
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In this work, the fabrication of cadmium doped Al nano chromites was performed by citrate gel auto combustion method to optimize its
structural, morphological, optical and photocatalytic properties. The formed cadmium doped Al nanostructured chromites [Al1-xCdxCr2O4

where x = 0.00, 0.04 and 0.10] were characterized by X-ray diffraction, FESEM and FTIR techniques. The XRD confirms the single-
phase cubic spinel structure of the Cd-Al nanochromites. The average crystalline size of the samples varies from 19 nm to 25 nm calculated
by Debye-Scherrer’s equation from X-ray diffraction pattern. FTIR spectrum confirm the metal oxygen bonds around 400 to 600 cm–1

related to the spinel structure. The optical band gap energy ranges from 2.21 eV to 2.90 eV as calculated by Tauc plots. The photocatalytic
degradation of methylene blue and acid red dyes under visible light irradiation were performed.

Keywords: Nano chromites, Cadmium doping, Optical properties, Dye degradation.

Asian Journal of Chemistry;   Vol. 37, No. 3 (2025), 729-736

This is an open access journal, and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This
license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original
creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made.

while Al3+ ions occupy the octahedral sites [8,9]. This arrange-
ment ensures charge neutrality and structural stability.

Nanoparticles can be synthesized using various methods,
each tailored to achieve specific properties and applications.
Chemical methods such as sol-gel processing [10], polyacryl-
amide method [11], microemulsion, co-precipitation, solid
state and hydrothermal methods [12], offer versatility in prod-
ucing 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 prod-
uce 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].

Among the hazardous dyes, methylene blue, a water-soluble
dye, can cause hypoxia in aquatic ecosystems and irritation in
humans [15], whereas acid red dye contributes to water pollu-
tion by reducing light penetration and disturbing aquatic life
[16]. Such pollutants demand urgent attention, requiring effec-
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tive treatment technologies such as photocatalysis, adsorption
and advanced oxidation processes to prevent long-term environ-
mental damage. Photocatalytic activity is of immense importance
in addressing global environmental and energy challenges due
to its ability to harness light energy to drive chemical reactions
[17]. In current study, the fabrication of cadmium doped Al
nano chromites (Al1-xCdxCr2O4 where x = 0.00, 0.04 and 0.10)
was acheived by citrate gel auto combustion method. The prep-
ared samples were characterized by XRD, SEM and FTIR tech-
niques. The study investigates the impact of cadmium doped
Al nano chromites for its  structural, optical and photocatalytic
activities.

EXPERIMENTAL

The cadmium-doped Al nanochromites were synthesized
using the citrate gel auto-combustion method with controlled
composition and morphology. The synthesis begins with the
dissolution of different stoichiometric amounts of aluminium
nitrate, cadmium nitrate and chromium nitrate in deionized
water to prepare a clear solution. Citric acid was then added in a
1:3 molar ratio acting as a chelating agent and fuel. The citric
acid forms stable complexes with the metal ions, ensuring
uniform distribution. Ammonia solution was added dropwise
to adjust the pH to a range of 7-8. The solution was heated on
a hot plate at approximately 80-90 ºC with continuous stirring
to reduce the water content, till the solution becomes viscous
and eventually transforms into a gel. The temperature was then
increased to 150 ºC, where the gel undergoes a spontaneous
combustion reaction. A porous, fluffy, ash-like cadmium-doped
Al nanochromite was obtained and then calcined at 500 ºC for
4 h in a muffle furnace. The calcined powder was grinded for
1 h to obtain fine powder.

Characterization: A Rigaku 600 X-ray diffractometer
was used for the X-ray diffraction investigation. The Carl Zeiss
Ultra 55 model was used for SEM analysis and the Oxford
INCAX-act model handled EDX analysis. The Fluoromax Plus
spectrometer was utilized for photoluminescence (PL) in the
range of 350–700 cm-1. The FTIR analysis was conducted in
the range of 4000-400 cm-1 using Shimadzu FTIR 8400 spectro-
meter. The optical properties were studied with the help of
Shimadzu UV-3600 spectrometer in the wavelength range of
200-700 nm.

RESULTS AND DISCUSSION

X-Ray diffraction studies: Chromites, which often exhibit
spinel structures, have distinct diffraction patterns that help
confirm phase purity. The X-ray diffraction patterns of cadmium
doped Al nano chromites synthesized by citrate gel auto comb-
ustion method. Fig. 1 shows the 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 the peak intensity and sharpness
indicate differences in crystallinity, phase purity or microstruc-
tural 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
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Fig. 1. XRD patterns of Al1-xCdxCr2O4 where x = 0.00,0.04 and 0.10

Fd3m, where metal ions occupy tetrahedral and octahedral
positions in the oxygen framework [18,19]. Peaks at low 2θ
19º, 30º and 36º, correspond to the (111), (220) and (311) planes,
respectively [20]. Slight shifts in the 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 as 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 Cd under synthetic conditions
[21].

The average crystalline size of the samples calculated by
using Debye-Scherrer equation:

0.94
Average crystalline size (d)

cos

λ=
β θ

where λ is the wavelength, β is the full width half maxima
and θ is the Bragg’s angle. The crystalline size of cadmium
doped Al nanochromites exhibits a different pattern as the
amount of cadmium in the spinal material increases. Crystalline
size increases initially at the composition of 0.04, which is
attributed due to cadmium ions in the Al2O3 matrix facilitating
grain development. During this phase, 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 led due to the formation of lattice defects, such
as vacancies and dislocations, as 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:

2 2 2Lattice paramete  a) dr ( = + +h k l

whereas d is the interplanar distance and hkl indicates the miller
indices. The lattice parameter of Cd-doped Al decreases consis-
tently with increasing Cd composition. This trend is primarily
due to the ionic radius difference between Al3+ (0.53 Å) and
Cd2+ (0.95 Å). When larger Cd2+ ions replace smaller Al3+ ions
in the lattice, the overall structure experiences a reduction as
it adjusts to accommodate the substitution. This decrease in
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the lattice parameter suggests a systematic and homogeneous
incorporation of Cd ions into the AlCr2O4 matrix. The observed
behaviour 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 AlCr2O4 lattice [22]. The volume of the
unit cell for Cd-doped AlCr2O4 initially increases with incre-
asing Cd composition, reaching a peak around a composition
of 0.04. Beyond this point, the volume remains relatively stable.
An initial increase can be attributed to the replacement of smaller
Al3+ ions (ionic radii 0.53 Å) with larger Cd2+ ions (ionic radii
0.95 Å) in the AlCr2O4 lattice. The larger ionic size of Cd2+

leads to lattice expansion, increasing the unit cell volume. The
X-ray density decreases steadily as the Cd composition incre-
ases. This behaviour is due to the substitution of Al3+ ions with
Cd2+ 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 (Table-
1). The lattice expansion and reduced density can significantly
affect the characteristics of the material.

TABLE-1 
CRYSTALLINE SIZE, LATTICE PARAMETER,  

VOLUME OF UNIT CELL AND X-RAY DENSITY Al1-xCdxCr2O4 
WHERE x = 0.00, 0.04 AND 0.10 NANO CHROMITES 

Composition 
Crystalline 
size (nm) 

Lattice 
parameter 

(Å) 

Volume 
of unit 
cell (Å) 

X-ray 
density 
(g/cm3) 

AlCr2O4 23.69 8.225 556.607 4.652 
Al0.96Cd0.04Cr2O4 25.66 8.755 671.082 3.925 
Al0.9Cd 0.1Cr2O4 23.65 8.767 673.855 4.010 

 
SEM-EDS studies: Fig. 2a-c show the FESEM images

of synthesized Cd doped Al nano chromites as the particles
appear as aggregated and rod-like structures with rough surfaces.
The rods vary in size, with lengths approximately 100 to 200
nm, confirming their nanoscale dimensions. The particles show
some degree of agglomeration, which is common in nanomat-
erials due to the high surface energy. The roughness observed
on the particle surfaces suggests a high degree of crystallinity
or possible porosity, which may enhance applications such as
photocatalysis by increasing the active surface area [23,24].

The energy dispersive spectra of Cd doped Al nano chromites
(Fig. 3a-c) confirm the presence of Cd, Al, Cr and O elemental
composition of a sample. The spectrum confirms the presence
of chromium oxide with possible contributions from cadmium
and aluminium.

FTIR studies: FTIR spectra of the prepared Cd doped Al
nano chromites provide the insights into their chemical compo-
sition, functional groups and molecular interactions. The FTIR
spectra of Al1-xCdxCr2O4 nanocrystals where x = 0.00, 0.04
and 0.10 is shown in Fig. 4a-c. A peak at 600 cm–1  corresponds
to the stretching vibration of metal-oxygen (M–O) 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 the higher vibrational frequencies. Whereas
the peak at 400 cm–1 is associated with the stretching vibration
of metal-oxygen bonds in the octahedral sites (B3+-O) [25].
These bonds are longer and weaker compared to the tetrahedral
sites due to the higher coordination number 6, resulting in the
lower vibrational frequencies. The distinct positions of these
bands help confirm the spinel structure of nanochromites.

Optical studies: Fig. 5 shows the UV-Vis spectrua of
prepared Al1-xCdxCr2O4 where x = 0.00, 0.04 and 0.1 with 0.02
variation synthesized by citrate gel auto combustion method
recorded from 200-700 nm wavelength range [26]. Absorbance
of the material decreases as increasing wavelength by analyzing
the absorption edge, the optical band gap energy determined,
often using Tauc plots [27].

Tauc plots in Fig. 6a-c illustrate the variation in the optical
band gap energy (Eg) for AlCr2O4 and its Cd-doped Al nano
chromites. The undoped AlCr2O4 exhibits a band gap of 2.21
eV, indicating its suitability for visible light absorption [28].
The pattern indicates that moderate Cd doping increases the
band gap (Table-2), likely due to reduced defect density or
structural modifications, while excessive doping reduces it,
possibly due to lattice distortion or defect formation [29,30].
Such tunability makes such materials promising for optoelec-
tronic applications.

Photoluminescence studies: Fig. 7a-c shows a broad photo-
luminescence (PL) emission in the range of 400-470 nm, peaking
near 450 nm suggesting a strong emission in the blue region
of visible spectrum. The emission at an excitation wavelength
of 350 nm (UV area) indicates the radiative recombination of
photoexcited charge carriers. The electronic transitions, invol-

Fig. 2. SEM images of Al1-xCdxCr2O4 nanocrystals where x = 0.00, 0.04 and 0.10
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Fig. 3. EDS spectra of Al1-xCdxCr2O4 nanocrystals where x = 0.00, 0.04 and 0.10
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Fig. 4. FTIR spectra of Al1-xCdxCr2O4 nanocrystals where x = 0.00, 0.04 and 0.10

ving energy levels affected by the aluminum and cadmium
dopants, are correlated with the peak at ~450 nm. The broadness
of the peak indicates the presence of defect states in the material.
These may include oxygen vacancies, Cr3+energy levels or
dopant induced trap states, which act as intermediate energy
levels between the conduction and valence bands [31]. The high
PL intensity indicates significant radiative recombination of

electrons and holes, which is favourable for the luminescent
applications, it may suggest the limited charge separation and
also impact photocatalytic efficiency.

Photocatalytic degradation studies: The photocatalytic
activity of methylene blue dye degradation using Al-Cd
nanochromites under visible light is depicted in Fig. 8a-c. The
absorbance peak of methylene blue detected around 660-670
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TABLE-2 
CUTOFF WAVELENGTH AND BAND GAP ENERGY VALUES 

Cutoff wavelength (nm) Band gap energy (eV) 
440 2.21 
424 2.90 
440 2.81 

 
nm, progressively decreases as the reaction proceeds, indicating
the successful degradation of the dye over time. Initially, at t
= 0, the absorbance is at its highest, but as visible light activates
the Al-Cd nanochromites, the photocatalytic reactions occur,

leading to the breakdown of methylene blue molecules into
less harmful byproducts. Significant degradation is observed
within the first 45 min, followed by a gradual decline in absor-
bance up to 90 min, exhibiting the efficient photocatalytic
performance of the nano chromites. Fig. 8d demonstrates the
photocatalytic degradation of methylene blue using different
dosage of catalysts over time. The decrease in C/C0 indicates
the reduction in methylene blue concentration, signifying the
photocatalytic activity of the tested materials. In pure and dark
conditions, (C/C0) remains nearly constant, suggesting negli-
gible degradation in the absence of light or catalyst. Among
the three tested catalysts, Al0.96Cd0.04Cr2O4 exhibits the highest
photocatalytic efficiency, achieving the greatest reduction in
C/C0 after 75 min [32].

Using Cd doped Al nano chromites, the photocatalytic
activity of acid red dye degradation under visible light is shown
in Fig. 9a-c. The absorbance peak of acid red at around 530
nm steadily drops as the reaction proceed indicating that acid
red dye degraded is successfully over time. Demonstrating
the effective photocatalytic function of the nano chromites,
significant deterioration was observed within first 45 min,
followed by a progressive drop in absorbance up to 90 min.

The photocatalytic degradation of acid red with different
composition over time is shown in Fig. 9d. The photocatalytic
activity of the studied materials is indicated by the decrease in
the C/C0, which also shows a decrease in the concentration of
methylene blue. Among the three catalysts, Al0.9Cd0.1Cr2O4 was
found to have the highest degradation efficiency, with perfor-
mance improving quickly from 30 to 90 min. The degradation
efficiency depends on the composition of aluminium and cadm-
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Fig. 6. Tauc plots of Al1-xCdxCr2O4 nanocrystals where x = 0.00, 0.04 and 0.10
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Fig. 7. PL spectra of Al1-xCdxCr2O4 nanocrystals where x = 0.00, 0.04 and 0.10
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ium in the spinel oxide structure. Al-Cr-based oxides generally
provide a stable structure, while cadmium enhances photo-
activity [32].

Conclusion

The nanostructured cadmium doped Al nano chromites
[Al1-xCdxCr2O4 where x = 0.00, 0.04 and 0.10] were synthesized
using the citrate gel auto combustion method at low tempera-
ture. XRD spectra revealed that the formation of cubic structure
with the space group Fd3m and the crystalline sizes range from
23.65 to 25.66 nm. The SEM images revealed the uniform
distribution with homogeneity. The FTIR spectra of the samples
confirmed the formation of spinel nano chromites as the Cr-O
or Al-O stretching vibrations of the tetrahedral sites and the
Cd-O octahedral sites appeared at 550 cm–1 and 625 cm–1,
respectively. The doping of Cd ions to the AlCr2O4 matrix
causes a structural change resulting in a varying band gap
energy values. The peak at 450 nm in the PL spectrum suggests

defect-driven emission in the blue region, indicating successful
Cd-Al doping in the chromite samples. It is possible to modify
the material’s optical characteristics for use in blue-emitting
luminous devices. Among the prepared Cd doped Al nano
chromites, Al1-xCdxCr2O4 with x = 0.1 for acid red dye showed
the highest dye degradation, but the composition with x = 0.4
for methylene blue dye showed the highest degradation.
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Fig. 9. (a-c) UV-visible absorption spectra of acid red of Al1-xCdxCr2O4 where x = 0.00, 0.04 and 0.10 nano chromites; (d) acid red dye
degradation against irradiation time of Al1-xCeXCr2O4 spinel nano chromates (where x = 0.00, 0.04 and 0.10)
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