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Abstract

Leaf extracts are known to be rich in phytoconstituent biomolecules, making them a valuable source of medicinal
compounds. They also serve as both capping and reducing agents in nanoparticle fabrication. A reaction between
CuS04.5H,0 aqueous solution and the Indigofera tinctoria leaf extract results in the formation of stable copper
nanoparticles. Phytochemical screening of the Indigofera tinctoria leaf extract revealed the presence of various
compounds including carbohydrates, terpenoids, phenol, tannins, flavonoids, saponins, and glycosides in the sample. The
biosynthesized copper nanoparticles (CuNPs) were subsequently subjected to various forms of analysis. Techniques used
included UV-visible (UV-vis) spectroscopy, Fourier transform infrared spectroscopy (FTIR), and scanning electron
microscopy. An observable change in the color of solutions from pale to thick brown indicated the formation of CuNPs.
Further confirmation came from UV-vis spectroscopy, which established the production of CuNPs at 500 nm. FTIR
analysis revealed that the CuNPs were covered by organic residues. The particles ranged from 210 nm to 260 nm as
indicated from the SEM analysis.

Keywords: extract, fourier transform infrared, nanoparticles, scanning electron microscopy, synthesis

Introduction measuring less than 100 nm [6]. There are two main

methods for producing nanoparticles: bottom-up and top-
The Indigofera plant, with its many species, is widespread down techniques. The top-down approach involves
across the southwestern regions of Nigeria. The most breaking down larger molecules into smaller units that
commonly found species are I. arrecta and I. tinctoria. are then transformed into suitable nanoparticles.
These plants serve as a primary source for indigo dye and Examples of this approach include grinding/milling,
are known for their antitoxic, hemostatic, and sedative chemical vapor deposition, and physical vapor deposition
properties. They have been utilized in the treatment of [7]. Conversely, the bottom-up approach forms complex
various ailments, including piles, ulcers, and dropsy. The structures from simpler substances, with examples
plant leaves, roots, and stems are also beneficial for including electrolysis [8], atomization [9], pyrolysis [10],
promoting hair growth and treating conditions such as chemical reduction methods [11-15], and biosynthesis
gastropathy, splenomegaly, cepholagia, cardiopathy, [3]. Copper nanoparticles (CuNPs) are currently
chronic bronchitis, asthma, and ulcers [1, 2]. Different garnering significant research interest owing to their
parts of the plant, such as the stem, bark, tubers, fruits, wide-ranging applications in heat transfer systems,
leaves, seeds, and roots contain natural chemical powder metallurgical materials, electronic circuits,
substances, which can be extracted [3]. These natural casting [16, 17], antimicrobial materials [18, 19], super
chemicals, rich in phytochemicals, act as stabilizing and strong materials (SSM) [20, 21], sensors [22-24], and
reducing agents in the nanoparticle fabrication [4]. This catalysts. Previous studies conducted by Kayode et al. [3]
assists in nanoparticle production under controlled and Ajeboriogbon et al. [4] have explored the use of J.
temperature and pressure. Consequently, plant extracts curcas aqueous leaf extract as a reducing and capping
play a crucial role in the synthesis of nanoparticles, which agent for the production of silver nanoparticles (AgNPs).
have numerous applications, especially in catalytic and Their results showed an average crystal size of 36.4 nm
biological usages [5]. Nanotechnology has enabled with a face-centered cubic structure, concluding that
material production at the nanoscale level, giving rise to successful nanoparticle fabrication can be achieved with
nanoparticles. These are classes of materials that comprise the J. curcas leaf extract.

particulate substances, which at least one dimension
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Materials and Methods

Indigofera tinctoria (Figure 1) leaves were obtained from
llawe—EKkiti, Nigeria (7° 35' 60 N and 5° 5' 60 E). These
specimens were thoroughly cleaned with distilled water
until free of any contamination, then dried in an oven at
50 °C for 5 h. The dried leaves were subsequently ground
into a fine powder using a pulverizer (model number ES-
1731F, 300 W power, 50 Hz frequency, and 220 V AC
voltage. A 50-g sample of the pulverized Indigofera
tinctoria leaves was measured and placed in a beaker
with 500 mL of distilled water. To expedite the extraction
process, this mixture was placed in a water bath rotary
shaker at 50 °C for 2 h. After the extraction, the solution,
which now contained the Indigofera tinctoria leaf extract
(Figure 2), was permitted to cool at room temperature
before being filtered using Whatman filter paper [3].

Phytochemical screening of Indigofera tinctoria plant
extract. The phytochemical screening of the Indigofera
tinctoria plant extract was carried out to identify the
presence of the chemical constituents following a
standard method [21].

Biosynthesis of CuNPs. The process began with
dissolving copper sulfate pentahydrate (CuSO4. 5H;0)
powder in distilled water to prepare a 0.2 M CuSO4.5H,0
solution. This solution (Figure 3) solution was then
combined with the Indigofera tinctoria leaf extract in a
1:4 ratio, totaling 100 mI-400 ml volume in a flask. The
leaf extract contains phytochemicals that act as reducing
and capping agents for the green fabricated Indigofera
tinctoria CuNPs. These phytochemicals are responsible
for reducing Cu*? to Cu®. The mechanism responsible for
the fabrication of the Indigofera tinctoria CuNPs is
shown in Figure 4. The successful formation of copper
nanoparticles was confirmed visually through a color
change (Figure 5) in the colloidal solution, shifting from
pale brown to bluish-brown. The mixture was heated at
50 °C for 15 min and stirred continuously for 4 h at 40
°C using a magnetic stirrer. The resulting copper
nanoparticles were separated by centrifugation at 4000
rpm for 40 min. After being washed with distilled water
and ethanol, the nanoparticles were dried in the oven to
obtain dried CuNPs (Figure 6).

Analytical characterization of CuNPs. The UV-visible
(UV-vis) spectra of CuNPs were monitored using a state-
of-the-art Shimadzu (UV2450) spectrophotometer. To
examine the morphological analysis of dried CuNPs, we
employed a Tescan VEGA 3 LMH scanning electron
microscope. Fourier transform infrared (FTIR)
spectroscopy was performed on the powdered CuNPs to
detect the biomolecules present on their surface.

Makara J. Sci.

Figure 3. 0.2M CuS0O4.5H20 Solution
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Figure 4. Mechanism for the Synthesis of Indigofera tinctoria CuNPs

Figure 6. Dried CuNPs

Results and Discussion

Phytochemical screening of Indigofera tinctoria leaf
aqueous extract. The screened extract of Indigofera
tinctorial leaf contains various biomolecules. These
include carbohydrates, terpenoids, tannins, alkaloids,
phenol, flavonoids, saponins, glycosides, protein, and
cardiac glycosides as presented in Table 1. These
compounds play a significant role in reducing the
precursor salt.

UV-vis spectra. CuNP formation was confirmed using
UV-vis absorption spectroscopy (Figure 7). Surface
plasmon resonance (SPR), conducted via UV-vis
spectrophotometry, proved to be instrumental in examining

Table 1. Phytochemical Screening of Indigofera tinctorial

Extract
SIN Phytochemical Qualitative
1 Carbohydrates +
2 Terpenoids +
3 Tannins +
4 Alkaloids -
5 Phenol +
6 Flavonoids +
7 Saponins +
8 Glycosides +
9 Protein -

10 Cardiac glycosides -

Where (+) means the presence of the chemical constituent and
(—) means the absence of chemical constituent

June 2024 | Vol. 28 | No. 2
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Figure 7. UV-vis Spectra of CuNPs
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Figure 8. FTIR Spectrum of CuNPs Synthesized using the Indigofera tinctoria Leaves Extract

Table 2. FTIR Spectra Analysis and Functional Groups Indigofera tinctoria CuNPs

FTIR spectrum peak, v (cm™) Functional group Compound class

3428 O-H stretching Alcohol
2901 C-H stretching Alkane
2358 C=N stretching Nitrile
2144 C=C stretching Alkyne
1635 C=C stretching Alkene
1375 C-H bending Alkane
1048 C-O stretching Ether

600 C-Br stretching Alkyl halide
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CuNP formation and stability within the Indigofera
tinctoria leaves. Key parameters for characterizing the
synthesized CuNPs included variations in bandwidth and
shifts in resonance. The UV-vis absorption spectrum of
the synthesized CuNPs revealed a strong absorption peak
at 500 nm [25]. This peak is likely attributed to SPR,
which results from oscillations of surface electrons and
their excitation caused by incident electromagnetic
radiation [26].

FTIR analysis. To identify the capping agent, the
functional groups of biomolecules from the Indigofera
tinctoria leaf extract on the surface of copper
nanoparticles, we employed FTIR analysis [27]. The
metabolites found in the Indigofera tinctoria leaf extract,
which contained polyphenols compounds such as
terpenoids, tannins, phenol, flavonoids, and saponins,
play a crucial role in the bioreduction and chelation of
copper ions into CuNPs. The tautomeric change of
flavonoids, which involves the release of a responsive
hydrogen particle transitioning from enol to keto form,
acts as a reducing agent in this transformation of copper
ions into CuNPs [28]. Meanwhile, the functional groups,
as reported in Table 2, serve as a capping agent for the
synthesized CuNPs. The FTIR spectra of the Indigofera
tinctoria leaf extract and CuNPs are presented in Figure
8. Table 2 details the functional groups present, their
corresponding peaks, and their interpretation. The
absorption bands for the Indigofera tinctoria CuNPs
were detected at 3428, 2901, 2358, 2144, 1635, 1375,
1048, and 600 cm™', corresponding to the functional
groups of O-H, C-H, C=N, C=C, C=C, C-H, C-0O, C-
Br, and C-0, respectively. These groups are believed to
contribute to the bioreduction of Cu*? to Indigofera
tinctoria CuNPs [29]. In the IR spectrum of the
nanoparticles, shifts in band peaks were observed from
2901 cm™! to 2919 cm™!, 2358 cm™! to 2354 cm!, 1635
cm™' to 1601 cm™, and 1048 cm™! to 1048 cm™'. These
shifts corresponded to C-H, C=N, C=C, C=C, and C-O
functional groups of the Indigofera tinctoria leaf extract,
indicating their involvement in CuNP synthesis [30].

The functional groups observed in the Indigofera
tinctoria leaf extracts, as presented in Table 2, likely
indicate the presence of carbohydrates, terpenoids,
tannins, phenol, flavonoids, saponins, and glycosides, as
detailed in Table 1. Therefore, the FTIR analysis results
align with the qualitative assessment of these
phytochemicals.

SEM Analysis. The surface size and shape of the
developed CuNPs were determined using SEM (Figure
9). The image reveals that the CuNPs, biosynthesized
with Indigofera tinctoria leaf extract, were well dispersed
and homogeneous. According to the SEM study
conducted in this research, the size of the formed CuNPs
ranged from 210 nm to 260 nm [31].

Makara J. Sci.
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Figure 9. SEM Image of Developed CuNPs

Conclusion

In this study, we investigated CuNP synthesis using
Indigofera tinctoria plant extract, an innovative approach
that forms the crux of our research. The use of Indigofera
tinctoria plant extract for the synthesis of CuNPs is the
novelty of this research. The reaction resulted in a color
change from pale brown to dark brown, indicative of
CuNP formation. This was further validated by UV-vis
spectroscopy, which showed an absorption peak at 500
nm. The Indigofera tinctoria plant extract acted as a
capping and a reducing agent. FTIR analysis showed that
the nanoparticles were covered with various functional
groups. The sizes of CuNPs synthesized in the research
ranged from 210 nm to 260 nm, as indicated from the
SEM analysis.
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