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Abstract:

Copper aluminate (CuAl,O4) nanoparticles
(NPs) have garnered a lot of interest because
of their potential uses in environmental
remediation, adsorption, and catalysis. In the
current research work, CuAl,O, NPs were
fabricated using Jatropha curcas (J. curcas)
leaf extract by the co-precipitation method.
The Green synthesized CuAl,O,
nanoparticles were characterized with X-ray
diffraction (XRD), which confirmed the
spinel structure with a cubic phase, and the
average crystallite size was found to be 55 nm.

The chemical as well as structural bonding of
CuAl,O4NPs and J. curcas leaf extract was
analyzed by the Fourier-transform infrared

spectroscopy  (FT-IR)  technique. The
field-emission scanning electron microscopy
(FE-SEM) images show flake-like

morphology. The elemental compositions of
CuAl,O, NPs were determined by
energy-dispersive X-ray spectroscopy (EDS)
analysis, and equal distribution of elements
was confirmed by elemental mapping.
Keywords: CuAl,O4nanoparticles; Jatropha
curcas leaf extract; Green synthesis

Cu(NO:):3H:0

+
Alz(SO4)3-18H10]

Co-precipitation Method

Centrifuge

Cu ALO, NPs

Graphical Abstract of Green synthesis of CuAl,O4 Nano particles

1. Introduction
The study of spinel synthesis is a
fascinating area of inorganic chemistry due to

remarkable structures and potential applications.
In the last decade, oxide spinels have seen
enormous interest due to their uses in various
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fields such as refractories, magnetic materials,
pigments, catalysts, optical materials, and
electrochemical materials [1-2]. Among the
spinel oxides the metal aluminates are valuable
material due to their outstanding high
mechanical resistance, thermal stability, hydro
phobicity, and low surface acidity. Nano
structured metal aluminates exhibit enhanced
properties such as higher hardness and lower
sintering temperatures[3-6]. In the recent years,
researchers employed several conventional
fabrication techniques including solid state
reaction [7] , sol-gel [8],wet chemical method
[9], chemical co-precipitation [10], microwave
[11], solvo thermal [12], hydrothermal [13],
polymeric precursor synthesis [14],reverse
micelle technique [15], Sono chemical[16]and
combustion synthesis [17]have been employed
to produce the specific type of spinel aluminates
according to the need as per applications. These
spinel metal aluminates materials have been
significant applications in several industries
including ceramics, sensors, and photo catalysis,
which are utilized for heat-resistant and the
degradation of organic dyes[18-21].

Nowadays, scientists have received a lot
of attention on the synthesis of copper aluminate
metal oxides due to their intrinsic physical and
chemical properties like piezoelectricity,
magneto resistance, and superconductivity.
Therefore, there is more interest in constructing
the spinel CuAl,0, NPs, whose
physicochemical and electrochemical features
possess prospective applications, particularly in
multiferroics, electrodes for rechargeable
lithium batteries, spintronics, optoelectronics,
and superconductors [22]. The spinel CuAl,O,
NPsare n-type semiconductor materials with a
small bandgap energy of 1.8-2.3 eV that show
high catalytic activity with thermal and
mechanical stabilities. The high surface area and
small particle size of CuAl,O, nanoparticles
make them promising catalysts for large-scale
catalytic applications [23].The co-precipitation
method is widely used because of its
cost-effectiveness, scalability, excellent
stoichiometric control, and readily controllable
operating conditions [24].However, there is
limited literature available on the synthesis of
CuAl,O, nanoparticles (NPs) using the
co-precipitation method, highlighting the need
for further investigation.

The green synthesis of nanoparticles has
emerged as a sustainable and environmentally
friendly alternative to conventional chemical
synthesis methods. This sustainable approach
exploits biological resources to generate the
nanoparticles in a safe, harmless and
eco-friendly manner [25]. This research work
highlights the first-time use of Jatropha curcas
leaf extracts for the fabrication of CuAl,04 NPs.
Jatropha curcasis a drought-resistant shrub that
belongs to the Euphorbiaceae family, which is
recognized as an ornamental and bioenergy plant
extensively found across Asia, Africa, and
America [26-28]. The leaf extract is enriched
with an essential phytoconstituents including
alkaloids, flavonoids, tannins, saponins, steroids,
glycosides, and phenolic compounds which
having diverse biological activities like
antimicrobial, antioxidant, anticancer,
anti-inflammatory antifungal, and antibacterial
properties as well as medicinal uses in the
treatment of asthma, rheumatism, and
pneumonia etc. [29-30]. Furthermore, the
several parts of J. curcas plant including leaves,
latex, and seed extracts, were utilized as
reducing and stabilizing agents in the green
synthesis of both monometallic and bimetallic
oxide nano particles. The J. Curcas phytogenic
extracts were used widely in the fabrication of
ZnO [31], CuO[32], Ag[33], TiO,[34],
Ce0,[35], MnO,[36], Cu0O-zZnO[37],
La,03/Zn0[38] nano particles.

To the best of our knowledge no any
recent work yet published on photosynthesis of
CuAl,04 NPs. Therefore, we reported the
synthesis of CuAl,O4 NPs via an eco-friendly
green route using Jatropha curcas leaf extract as
a reducing and stabilizing agent through the
co-precipitation method. Moreover, structural
and morphological properties were elucidated
using spectroscopic and microscopic techniques
such as XRD, FE-SEM, EDS and FT-IR
Spectroscopy.

2. Experimental
2.1.  Materials and Chemicals
The metal salt precursors; Copper nitrate
trihydrate [Cu(NQO,4).3H,O]Aluminium sulphate
octadeca hydrate [Al»(SO4)3.18H,0] and
solvents like Ammonium hydroxide, Ethanol,
Acetone were used in the synthesis of CuAl,O4
NPs. All the chemicals and reagents of analytical
grade were purchased from Merck Pvt. Ltd. and
Loba Chemie Pvt. Ltd., which were used without
further purification. As the synthesized CuAl;04
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NPswere characterized with different analytical
techniques like XRD (Rigaku Mini flex 600),
FE-SEM (Carl Zeiss Supra 55) and FT-IR
specltra obtained using Shimadzu (KBr, Amaxin
cm ).
2.2. Preparation of Jatropha curcas
leaf extract
The fresh leaves of J. curcas were collected from
areas along the roadside of Mendhepathar
village, Katol region, Maharashtra, India. The
collected leaves were thoroughly cleaned several
times with tap water, followed by deionized (DI)
water and then dried in the shade for two days.
The shade dried leaves were crushed into fine
powder using mortal pestle. 2.5 g of leaves
powder was drenched in 100 ml of DI water
while heating and stirring for 2hrs. The
brown-colored leaf extract was cooled down at
room temperature and filtered using What man
filter paper No. 41 [39].

2.3.  Phytosynthesis of CuAl,O4 NPs
The CuAl;O, NPs were synthesized via
co-precipitation method.In the typical synthesis
procedure, 1 mM of Al,(SO,4)3.18H,0 and 0.5
mM of Cu(NO,)3.3H,0 were sonicated for 15
min in 50 mLDI water. The resultant suspensions
were combined and agitated for an additional 15
minutes at 80°C to make a homogeneous
solution. Subsequently, 50 mL of J. curcas leaf
extract was added dropwise to the homogeneous
precursor solutions under continuous stirring.
The pH of the reaction mixture was adjusted to 9
using  ammonium  hydroxide  solution.
Furthermore, the resultant solution was stirred
and heated for about 4 h up to the colour changes
from dark green to sea foam green which
primarily indicates the formation of CuAl,O,
NPs. The precipitate was then centrifuged at

3000 rpm and washed repeatedly with DI water
and ethanol. The collected product was further
dried in a hot air oven at 100 °C for 24 h,
followed by calcination at 600 °C for 4 h using
muffle furnace.

3. Results and Discussion
3.1. X-ray diffraction (XRD) pattern analysis

The XRD technique used to determine the
crystal structure, phase and purity of CuAl,O,
NPs. The XRD pattern was recorded using Cu
Ka radiation (A=1.5406 A) over suitable 26
range 10° to 90°. Fig.1 shows XRD pattern of the
sample calcinated at 600  °Gexhibit broad
diffraction peaks, indicating the formation of
nanocrystalline CuAl,O, with low crystallinity.
The diffraction peaks were observed at 26 values
of 19.0°, 31.3°, 36.8°, 44.8°, 55.6°, 59.4°, 65.2°,
74.0°, and 82.3° are well indexed with crystal
faces hkl reflection planes of (111), (220), (311),
(400), (422), (511), (440), (620), and (444)
respectively. From the above values (311)shows
the highest intensity peak which is typical
feature of spinel-type oxides. This study
revealed a cubic phase with the spinel structure
of the CuAl,0, NPs match well with the
standard JCPDS No. 33-0448.The broad peak
around 35-36° overlaps with the characteristic
CuO reflection, however, the absence of the
prominent CuO peaks at approximately
38.7°,48.7° and 53.5° suggest that any residual
CuO is negligible. The broad nature of the
diffraction peaks is attributed to the relatively
low calcination temperature [40-41].The average
crystallite size of the synthesized CuAl,O,
nanoparticles was estimated using the
Debye—Scherrer equation and found to be 55 nm.
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Fig.1:X-Ray diffraction patterns of CuAl,O, NPs.

3.2. FE-SEM and EDS with elemental
mapping analysis

FE-SEM combined with EDS was utilized to
examine the surface morphology, elemental
composition, and purity of the synthesized
CuAl,0, NPs. The FE-SEM images (Fig. 2)
revealdensely agglomerated flake like clusters
composed of densely packed nanosized primary
particles. Such agglomeration is commonly
observed in spinel oxide nanoparticles because
of their elevated surface energy and robust
interparticle interactions among the metal oxide
nanoparticles [42-43].At low magnification, the
particles appear as large aggregates randomly
distributed over the surface.  Higher
magnification images show that these aggregates
consist of densely packed nanosized primary
particles with rough surfaces. The observed
agglomeration can be attributed to the high
surface energy of CuAl,0, nanoparticles and
the interaction among particles during drying
and calcination. In addition, the phyto chemicals
present in the plant extract used during green
synthesis may influence the nucleation and
growth processes, leading to the formation of
flake-like aggregated structures. The elemental
composition of the synthesized CuAl,O,

nanoparticles was investigated
by energy-dispersive X-ray spectroscopy (EDS),
and the corresponding elemental distribution
was examined by elemental mapping, as
presented in Fig.3(a-b).The EDS spectrum
exhibits characteristic peaks corresponding
exclusively to oxygen (O), aluminium (Al), and

copper (Cu), confirming the successful
formation of CuAl,O, nanoparticles. No
additional elemental peaks were detected,

indicating the absence of detectable foreign
elemental impurities. The quantitative EDS
analysis reveals atomic percentages of 65.0% O,
28.8% Al, and 6.2% Cu. The higher oxygen
content is expected because oxygen atoms are
present in greater numbers in the oxide lattice.
The elemental mapping images demonstrate
a uniform distribution of Cu, Al, and O
throughout the analyzed region without obvious
elemental segregation, suggesting homogeneous
incorporation of the constituent elements within
the oxide matrix. However, XRD analysis
revealed a weak diffraction peak corresponding
to the secondary monoclinic CuO phase,
indicating the presence of a minor crystalline
impurity.
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3.3. FT-IR analysis

The FT-IR analysis of CuAl,O4 NPs
confirmed the presence of the functional groups
present in the Jatropha curcas leaf powder which
was utilized as essential bio reductants and
stabilizers for the green synthesis of the
CuAl;04NPs as shown in Fig 4. The recorded
FT-IR spectrum of leaf powder exhibits the
distinct absorption peakdue to carbonyl,
hydroxyl, aromatic, and ether functional groups.
After the synthesis ofCuAl,O4NPs, the several
notable changes were observed in the FT-IR
spectrum. The diminished intensities of
absorptions bands which reveals the utilization
of biomolecules present in the leaf extract during
the typical NPs synthesis. A broad absorption
band centered at 3363.03 cm “lin the leaf
powder spectrum is attributed to the stretching
vibrations of hydroxyl groups present in
phenolic compounds, flavonoids, alcohols, and
adsorbed water molecules. After nanoparticle
synthesis, this band shifted to 3442.12 cm! and
became broader, suggesting the interaction of

hydroxyl-containing biomolecules with the
surface of CuAl,0,4 nanoparticles. This shift
indicates that these phytochemicals participated
in the reduction of metal ions and subsequently
acted as stabilizing agents.A weak absorption
band observed at 2932 cm! in the leaf powder
corresponds to the asymmetric stretching
vibrations of aliphatic C—H groups originating
from lipids, carbohydrates, and other organic
constituents. The reduced intensity or
disappearance of this band in the nanoparticle
spectrum indicates the consumption or
rearrangement of these organic molecules during
nanoparticle formation. The prominent band
at 1100 cm! observed in the leaf powder is
assigned to C-O, C-0O-C, or C-N stretching
vibrations associated with carbohydrates,
alcohols, ethers, and glycosidic compounds.
After nanoparticle synthesis, this band shifted
to 1124cm?, indicating the involvement of
oxygen-containing functional groups in the
complexation and stabilization of Cu2 and Al

ions during nanoparticle formation.The most
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significant evidence for successful CuAl;04
nanoparticle formation is the appearance of new
absorption bands at 615 cm? and 519 cm?. These
low-frequency bands are absent in the leaf
powder spectrum and are characteristic
of metal-oxygen (M-0) stretching
vibrations within the spinel lattice. The band

around 615 cm  “is generally assigned to the
stretching vibrations of AI-O bonds at
tetrahedral sites, whereas the band near 519
cm ' corresponds to Cu-O vibrations
associated with octahedral coordination. These
characteristic vibrations confirm the formation
of the spinel CuAl,O4crystal structure[44].
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Fig.4:FT-IRAnalysisofJ. curcas L. Extract and CuAl, O, NPs

4. Conclusion and Future Perspectives

The present study highlights the
effectiveness of Jatropha curcas leaf extract as a
sustainable and eco-friendly synthesis of
CuAl,0, NPs instead of traditional methods. In
the given synthetic method, the CuAl,O4 NPs
were fabricated via co-precipitation method
using J. curcas leaf extract as reducing and
stabilizing agent. The successful synthesis of the
cubic spinel CuAl,O, NPswas confirmed
through comprehensive characterization using
XRD, FT-IR, FE-SEM, and EDS analyses. These
results verified the low crystalline nature,
morphology, elemental composition, and surface
functional groups of the synthesized CuAl,O4
NPs.The FE-SEM result proven the formation of
agglomerated CuAl,O, NPs with flake like
nanostructureswith rough surface morphology.
EDS and elemental mapping result confirmed

the composition and purity of prepared
CuAl;04NPs with uniform distribution of Cu,
Al, and O in the nanomaterial. FT-IR analysis
suggested the involvement of phytochemical
constituents of plant extract in the mechanism of
reduction, capping, and stabilization, while
distinct metal-oxygen vibrational band further
confirmed the formation of CuAl,O4
nanoparticles. This study demonstrates that the
proposed green synthesis approach is an
efficient,  environmentally  friendly, and
cost-effective method for producing CuAl,O4
NPs with desirable structural and functional

characteristics. Future investigations should
focus on evaluating their catalytical,
antimicrobial, antioxidant, cytotoxicity, and

biocompatibility properties to establish their
suitability ~ for  biomedical  applications.
Furthermore, the developed green synthesis
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strategy may be extended to other mixed-metal
oxide systems, facilitating the development of
cost-effective and sustainable nanomaterials for
advanced technological applications.
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