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Abstract
The demand for green chemistry approaches in nanotechnology has driven the development of environmentally
benign methods for synthesizing metal nanoparticles. We investigate the green synthesis of palladium
nanoparticles (Pd NPs) using plant extracts as eco-friendly capping and reducing agents. White onion (Allium
cepa), turmeric (Curcuma longa), ginger (Zingiber officinale), and garlic (Allium sativum) extracts were
investigated as capping agents for the synthesis of Pd NPs. The Pd NPs were characterized using FTIR and UV-
Vis spectroscopy. For the FTIR results, there were shifts in the peaks after the synthesis of nanoparticles from
the various extracts which ranged from 3276cm-1 – 3259cm -1 ; 2962cm-1 -2885cm-1; 1627-1631cm-1 for OH and
CH stretching, NH bond. While the UV results ranged from 196–424nm depending on the phytochemicals
present in the extract. The functional groups in the plant and root extracts play a significant role in reducing and
stabilizing Pd NPs, promoting nanoparticles with unique optical properties that offer a sustainable alternative to
conventional chemical synthesis, yielding Pd NPs with promising catalytic applications in Buchwald-Hartwig
animation reaction. Using abundant plant extracts presents an efficient, low-cost, and environmentally friendly
approach to nanoparticle synthesis.
Keywords: Buchwald-Hartwig amination reaction, Green synthesis, Palladium nanoparticles, FTIR
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1.0 Introduction
In recent years, there has been a growing
interest in the production of environmentally
benign or "green" methods for the synthesis of
metal and metal oxide nanoparticles, such as
Ti/TiO2 (Aravind et al., 2021; Dimo et al., 2024;
Dimo et al., 2025), Ni/NiO ( Ahmed et al., 2022;
Nejo et al., 2024, Panadian et al., 2015) ,
Pd/PdO (Mahnaz., 2019; Phan et al,, 2024;
Sheny et al., 2012). Green synthesis routes
emphasize using abundant, non-toxic, renewable,
and sustainable resources to reduce the
environmental impact of metal/metal oxide
nanoparticle production. The demand for
sustainable nanotechnologies is increasing, and
benign methods of preparing metal/metal oxide

nanoparticles are needed (Ma’aruf et al., 2024;
Mahnaz , 2019; Sheny et al,, 2012).
Palladium (Pd) is widely used as a catalyst in
coupling reactions, e.g. the Suzuki and Heck
reactions and hydrogenation processes ( Biffis et
al,, 2018; Kharissova et al., 2024). Pd has
garnered attention in both homogeneous and
heterogeneous catalytic systems. Palladium
nanoparticles (Pd NPs) are catalysts in hydrogen
storage (Alaqarbeh et al., 2023), fuel cells
(Stephen et al., 2019), sensors (Zhaq, 2022), and
environmental remediation applications
(Alaqarbeh et al., 2023; Omole, 2007). Pd NPs
can facilitate various chemical processes, such
as organic synthesis (Tao et al., 2020), industrial
catalysis (Van et al., 2020), carbon-carbon bond
formation (Gholinejad et al., 2019),
hydrogenation and oxidation reactions, making
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them indispensable catalysts (Zhao et al., 2021).
Their size, large surface area and high surface
energy contribute to their catalyst effectiveness.
The high surface-to-volume ratio of Pd NPs has
attracted great interest in enhancing catalytic
activity. In catalysis, the high surface area of Pd
NPs enhances catalytic reactions, resulting in
the efficacy of the nanoparticle catalyst. In
preparing palladium nanoparticles, various
reducing agents such as sodium borohydride
(NaBH₄), hydrazine (N₂H₄), and ascorbic acid
are commonly used, which are expensive and
require high energy input. In addition, these
reducing agents are not eco-friendly and often
contaminate the Pd NPs produced, limiting their
catalytic performance and practical applications.
The conventional methods of synthesizing
palladium nanoparticles present challenges due
to the environmental and economic costs linked
to toxic reagents and significant energy
consumption (Joudeh et al., 2022; Salda et al.,
2015).
One benign method for the green synthesis of
palladium nanoparticles involves using plant
extracts as reducing and capping agents (Veisi et
al., 2014; Kanchana et al., 2010; Qazi et al.,
2016). Plant extracts are rich in biomolecules,
such as polyphenols, alkaloids, terpenoids, and
proteins, which can effectively reduce metal
ions to their nanoparticle form (Adeyemi et al.,
2022; El seedi et al., 2019; Ovais et al., 2018;
Shafey et al., 2020). These biomolecules also
act as stabilizing agents, preventing the
agglomeration of nanoparticles and helping to
control their size and morphology. This method
is advantageous because it is simple, cost-
effective, scalable, and avoids harmful
chemicals. Plant-based green synthesis reduces
the environmental impact of nanoparticle
production and results in nanoparticles that are
free of contamination and have well-defined
physical and chemical properties. Numerous
studies have demonstrated the successful green
synthesis of Pd NPs using various plant extracts,
Coleus amboinicus (Bathula et al., 2020),
Lagerstroemia speciose (Garole et al., 2019),
Thymbra Spicata (Sepideh et al., 2018),
Pimpinella tirupatiensis (Palajoma et al., 2017),
Chrysophyllum cainito (Majumdar et al., 2017),
Fenugreek tea (Koduru et al., 2017),

Glycyrrhiza glabra (Veisi et al., 2017), Ocimum
sanctum (Manashi et al., 2019), Euphorbia
granulate (Nasrollahzadeh et al., 2016),
Origanum vulgare L (Shaik et al., 2017) and
Terminalia arjuna (Garai .et al., 2018). There
has been limited to no exploration of using fresh
fruits such as onion, turmeric, ginger, and garlic.
In this study, Pd nanoparticles were synthesised
using white onion (Allium cepa), turmeric
(Curcuma longa), ginger (Zingiber officinale),
and garlic (Allium sativum) as capping/reducing
agents, and to evaluate its potential as a catalyst
in the Buchwald Hartwig animation reaction.

2. Experimental methods
2.1 Preparation of capping/reducing agents
A 100 g fresh plant roots (Allium cepa—white
onion, Curcuma longa—turmeric, Zingiber
officinale—ginger, and Allium sativum—garlic)
were weighed, washed, and oven-dried at 60 °C
for 48 hr. The dried roots were ground to a fine
powder (Allium sativum (Figure 1a), Zingiber
officinale (Figure 2a), Curcuma longa (Figure
3a) and Allium cepa (Figure 4a)), sieved, and
stored in an airtight container at room
temperature. For extraction, 2 g of each
powdered plant was dissolved in 50 mL of
distilled H2O, boiled in a water bath for 1 hour,
and then cooled. The solutions were filtered
through 5 µm filter paper, and the extracts were
stored for the green synthesis of Pd NPs.

2.2 Green syntheses of Pd nanoparticles: 0.18
g PdCl2 was dissolved in distilled H2O, diluted
to 100 ml in a standard flask, and then stored to
synthesise Pd NPs. 20 mL of extract was
measured and mixed with 40 mL of the prepared
PdCl2 solution in a round-bottom flask. A stirrer
bar was added, and the flask was clamped to a
retort stand. The flask was covered with foil
paper and placed on a magnetic stirrer set to
30°C at 250 rpm for 24 hours to maintain
darkness. After this period, a dark brown
colouration was observed, indicating the
formation of Pd NPs solution (Ramesh et al,,
2012). The solution was centrifuged at 1500
rpm for 10 minutes, then washed with distilled
H2O, methanol, and acetone to remove
biomolecules. The Pd NPs were dried and stored
for characterization.

Figure 1: (a) Allium sativum (garlic) powder (b) Allium sativum extract (c) Pd nanoparticles solution using Allium sativum
extract and PdCl2 solution after 24 hr.
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Figure 2: (a) Zingiber officinale (ginger) powder (b) Zingiber officinale extract (c) Pd nanoparticles solution
using Zingiber officinale extract and PdCl2 solution after 24 hr.

Figure 3: (a) Curcuma longa (turmeric) powder (b) Curcuma longa extract (c) Pd nanoparticles solution using
Curcuma longa extract and PdCl2 solution after 24 hr

Figure 4: (a) Allium cepa (white onion) powder (b) Allium cepa extract (c) Pd nanoparticles solution using
Allium cepa extract and PdCl2 solution after 24 hr.

3.0 Characterization of the Pd NPs: The
chemical and optical properties of the Pd NPs
were studied using spectroscopic techniques,
vibrational mode of the capping/reducing agents
(ginger, garlic, turmeric, and white onion
extracts) and the bio-reduction of the Pd NPs
(the extract-mixture was centrifuged at 1500
rpm for 10 minutes to separate the Pd²⁺ NPs
from proteins and other components in the
mixture) were studied by Bruker FTIR
spectrometer and the electronic transition was
investigated by the UV Shimadzu series.

4.0 Results
4.1 FTIR spectra of Allium sativum
(garlic) and Pd NPs mediated by Allium
sativum
Figure 5a shows the spectrum of garlic extract
without palladium chloride, while Figure 5b
shows the spectrum after bio-reduction with
PdCl₂. The FT-IR spectra of garlic extract

(Figure 5a) reveal the presence of Allicin,
indicated by peaks at 1040 cm⁻¹ (S=O) and 1307
cm⁻¹ (S group), the main component of garlic
(Rajam et al,2012). Additionally, broad peaks at
3276 cm⁻¹ and 2962 cm⁻¹ correspond to -OH
and -CH stretches, respectively, characteristic of
non-structural sucrose and fructose. The sharp
peak at 1627 cm⁻¹ is attributed to N-H bond in
primary amines, while the peak at 1396 cm⁻¹
suggests C-N stretching in aromatic amines.
After synthesising Pd NPs (Figure 5b), shifts
were observed at 3276-3272 cm⁻¹, 2962-2885
cm⁻¹, 1627-1631 cm⁻¹, 1564-1537 cm⁻¹, 1396-
1390 cm⁻¹, and 923-919 cm⁻¹, indicating the
involvement of hydroxyl groups, primary and
aromatic amines, and esters in the nanoparticle
formation. The stretching between 763 cm⁻¹ and
833 cm⁻¹ confirmed the presence of residual Cl₂,
while peaks at 599 cm⁻¹, 561 cm⁻¹, and 2362
cm⁻¹ indicate Pd NPs bonding with oxygen from
the garlic extract.

Figure 5: FTIR spectra of (a) Allium sativum (garlic), (b) Pd NPs mediated by Allium sativum (garlic)

4.2 FTIR spectra of Zingiber officinale
and Pd NPs mediated by Zingiber officinale
Figure 6a shows the spectrum of ginger extract
without palladium chloride, while Figure 6b
shows the spectrum after bio-reduction with
PdCl₂. The FTIR analysis (Figure 6a) reveals
distinct bands, including one at 3776 cm⁻¹
corresponding to O-H stretching in H-bonded
alcohols and phenols, a broad peak at 3276 cm⁻¹
for O-H stretching in carboxylic acids, a peak at

1627 cm⁻¹ for N-H bending in primary amines,
and peaks at 1396 cm⁻¹ and 1307 cm⁻¹ for C-N
stretching in aromatic amines. Additionally, a
peak at 1040 cm⁻¹ indicates the presence of
esters. After synthesising palladium
nanoparticles (Figure 6b), noticeable shifts in
these peaks (from 3276 to 3259 cm⁻¹, 1627 to
1630 cm⁻¹, 1401 to 1396 cm⁻¹, and 1040 to 1024
cm⁻¹) suggest that hydroxyl groups, primary
amines, aromatic amines, and esters from ginger
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rhizome were involved in the synthesis process.
These functional groups, primarily derived from
water-soluble heterocyclic compounds in ginger,
likely include alkaloids and flavonoids, which

may have acted as capping agents for forming
ginger-capped palladium nanoparticles (Geetha
et al., 2014).

Figure 6: FTIR spectra of (a) Zingiber officinale (ginger), (b) Pd NPs mediated by Zingiber officinale

4.3 FTIR spectra of Curcuma longa
(turmeric) and Pd NPs mediated by Curcuma
longa
Figure 7a shows the spectrum of turmeric
extract without palladium chloride, while Figure
7b shows the spectrum after bio-reduction with
PdCl₂. In Figure 7a, a broad peak at 3293 cm⁻¹
indicates the presence of O-H hydroxyl groups,
while the peak at 2942 cm⁻¹ corresponds to
aliphatic C-H, and the 1622 cm⁻¹ peak is
attributed to carbonyl (-C=O) stretching.
Additionally, absorption peaks at 994 cm⁻¹, 923
cm⁻¹, and 1026 cm⁻¹ correspond to C-N
stretching of amines and C-O or C-O-C groups.

These functional groups, including -C-O-C, -C-
O, and amide bonds from alkaloids, flavones,
and proteins in the extract, serve as capping
nanoparticle ligands. In Figure 7b, the strong
bands at 3198 cm⁻¹ are due to bonded O-H or
amine (-NH) groups, and the peak at 2884 cm⁻¹
is linked to aliphatic C-H. The stretch between
783 cm⁻¹ and 763 cm⁻¹ indicates residual Cl₂,
while broad peaks at 612 cm⁻¹, 608 cm⁻¹, and
2358 cm⁻¹ suggest Pd NPs bonding with oxygen
from hydroxyl groups in turmeric. These
functional groups likely participated in the
nanoparticle synthesis (Shameli et al., 2012).

Figure 7: FTIR spectra of (a) Curcuma longa (turmeric), (b) Pd NPs mediated by Curcuma longa

4.4 FTIR spectra of Allium cepa (white
onion) and Pd NPs mediated by Allium cepa
Figure 8a shows the white onion extract without
palladium chloride, while Figure 8b shows the
spectrum after bio-reduction with PdCl₂. The
FT-IR spectra of white onion extract (Figure 8a)
reveal a distinctive peak at 1635 cm⁻¹, attributed
to the C-C stretch of phenyl, a key component in
the polyphenolic compounds found in Allium
plants. The peak at 1397 cm⁻¹ is due to
asymmetric deformation. Additionally, broad -
OH and -CH₂ antisymmetric stretches from
lipids are observed at 3296 cm⁻¹ and 2934 cm⁻¹.
The 1635 cm⁻¹ peak is associated with N-H
stretching of proteins and O-H stretching from
carbohydrates and water, while the sharp peak at

1032 cm⁻¹ corresponds to strong sulfoxide
stretching. After the synthesis of palladium
nanoparticles (Figure 8b), five major peaks
emerged. The O-H group (previously
represented by a peak at 2919 cm⁻¹) disappeared,
and a new peak at 2358 cm⁻¹ appeared, which
was absent in the original extract. Shifts from
2934 to 2919 cm⁻¹, 1631 to 1616 cm⁻¹, 1397 to
1369 cm⁻¹, and 1032 to 1055 cm⁻¹ suggest the
involvement of aliphatic sp³-CH, N-H from
primary amines, C-N stretching of aromatic
amines, and sulfoxide groups, confirming the
successful formation of Pd NPs. Stretching
between 777 cm⁻¹ and 816 cm⁻¹ indicates the
presence of residual Cl₂ (Piermatti et al, 2021).
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Figure 8: FTIR spectra of (a) Allium cepa (white onion), (b) Pd NPs mediated by Allium cepa

4.5 UV Visible spectra
The formation of metal nanoparticles by
reducing the aqueous metal ions during the
extracts' exposure is easily followed by UV–Vis
spectroscopy. The UV-Vis absorbance spectra
of Pd NPs synthesised using extracts from
Allium cepa (white onion), Curcuma longa
(turmeric), Zingiber officinale (ginger), and
Allium sativum (garlic) are shown in Figure 9
(a-d). Each spectrum shows a distinct absorption
peak based on the extract used. For Allium cepa
(white onion), the Pd NPs exhibited an
absorption peak at 424 nm (Figure 9a),
suggesting interactions between the nanoparticle
surface and the onion extract. Pd NPs from
Curcuma longa (turmeric) showed a peak at 384
nm (Figure 9b), indicating a blue shift compared
to Allium cepa, which may be due to differences
in nanoparticle size or surface chemistry

influenced by turmeric's phytochemicals. The
Pd NPs synthesised with Zingiber officinale
(ginger) had an absorption peak at 196 nm
(Figure 9c) (blue-shifted than the other extracts),
suggesting distinct nanoparticle characteristics
(Bindhu et al., 2013; Piermatti et al,2021 ). The
Pd NPs from Allium sativum (garlic) peaked at
422 nm (Figure 9d), similar to Allium cepa,
indicating that these nanoparticles share
similarities, likely due to both plants belonging
to the Amaryllidaceae family (Piermatti et al.,
2021; Shankar et al.. 2004). The variations in
absorption peaks reflect the influence of the
extracts' phytochemical properties on the optical
properties of the Pd NPs. These shifts suggest
differences in the size, morphology, and surface
capping of the nanoparticles, with results
aligning with findings in previous studies.

Figure 9: UV-Vis spectra of Pd NPs green synthesised by (a) Allium cepa (white onion) extract, (b) Curcuma
longa (turmeric) extract, (c) Zingiber officinale (ginger) extract, (d) Allium sativum(garlic).

4.6 Band Gap Energy
The band gap energy depicts the wavelength of
light a material can absorb. Compounds with
larger band gaps absorb light at shorter

wavelengths, corresponding to higher energy
and compounds with smaller band gaps absorb
light at longer wavelengths, indicating lower
energy absorption. The band gaps of Pd NPs



Nejo et al., J. Sci. Res. Dev. (2025)

Green synthesis of palladium nanoparticles 35

synthesised from Allium cepa (white onion),
Curcuma longa (turmeric), Zingiber officinale
(ginger), and Allium sativum (garlic) extracts
were calculated using equation 1, as shown in
Table 1. The wavelength was obtained from the
UV-visible spectra.

E = ℎ�
�
………………………… (1).

where λ = wavelength, C = speed of light and h
= Planck's constant = 6.626 x 10-34 Js.

Table: Band gap energy of Pd NPs from different fruit and root extracts.

Fruit Extracts Wavelength
(λ)

Planck's
constant (Js)

Speed of
Light
(m/s)

Pd NPs Band
Gap Energy (J)

Pd NPs Band
Gap Energy (eV)

Allium cepa 424 x 10-9 6.626 x 10-34 3 x 108 4.69 x 10-19 2.93
Curcuma longa 384 x 10-9 6.626 x 10-34 3 x 108 5.18 x 10-19 3.23

Zingiber
officinale 196 x 10-9 6.626 x 10-34 3 x 108 1.01 x 10-18 9.92

Allium sativum 422 x 10-9 6.626 x 10-34 3 x 108 4.71 x 10-19 2.94
5.0 Catalytic application of Pd NPs in
Buchwald Hartwig Animation Reaction
The Buchwald-Hartwig amination is a
palladium-catalysed organic reaction that forms
carbon-nitrogen bonds by coupling an aryl
halide with an amine in a strong base (e.g.
NaOH). The reaction starts with the oxidative
addition of the aryl halide to the Pd NPs catalyst,
followed by the amine coordinating with the Pd
NPs complex, and the base deprotonates the
amine, forming an amide. The amide then
displaces the halide from the palladium complex,
and reductive elimination occurs, yielding the
aryl amine product and regenerating the
palladium catalyst (Sakata et al., 2021;
Sherwood et al., 2019).
In the next phase, two Pd NPs, synthesised from
Curcuma longa (turmeric) and Zingiber
officinale (ginger) extracts, were used as
catalysts in Buchwald-Hartwig amination
reactions. Three different reactions were studied,
each conducted for 24 hours at room
temperature using 0.010–0.013 g of the
synthesised Pd NPs. The results demonstrated

the effectiveness of Pd NPs as efficient catalysts,
highlighting their potential for industrial
applications.

5.1 FORMATION OF 1-PHENYL
PYRROLIDINE
A 5 mL of toluene was measured in a round-
bottomed flask, adding 1mmol (0.157 g) of
bromobenzene and 1mmol (0.071 g) of
pyrrolidine. A 2 mmol (0.424 g) of K₃PO₄ was
added as a base, along with 0.010 g of Curcuma
longa (turmeric) extract Pd NPs as the catalyst.
An additional 2 mL of toluene was added to the
solution, which was then placed in a sand bath
and refluxed at 150°C using an air condenser for
24 hours, as shown in equation 2. The reaction
progress was monitored using a TLC plate.
After 24 hours, the reaction was worked up by
washing with dichloromethane, n-hexane, and
ethyl acetate. The mixture was filtered after
adding ethyl acetate, and the filtrate was
covered with aluminium foil to allow the ethyl
acetate to evaporate.

Equation 2. Formation of 1-phenyl pyrrolidine
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5.1.1 FT-IR SPECTRA FOR 1-PHENYL
PYRROLIDINE USING GINGER Pd
NPs

The FTIR spectrum of 1-phenyl pyrrolidine
shows characteristic absorption bands that
confirm its structure, Figure 10. Aromatic C-H
stretches around 3105 cm⁻¹, while the
pyrrolidine ring's C-H stretches are near 3020
cm⁻¹. Aromatic C=C stretches occur at 1617

cm⁻¹, and C-N stretching vibrations are around
1080 cm⁻¹. Compared to pyrrolidine, which has
an N-H stretch at 3266 cm⁻¹ and sp³-CH
stretches at 2957 cm⁻¹ and 2867 cm⁻¹, the
phenyl group in 1-phenylpyrrolidine shifts these
frequencies due to conjugation effects. These
peaks can help monitor product formation in the
Buchwald-Hartwig amination reaction
(Piermatti et al, 2021).

Figure 10: FTIR spectra of 1-phenyl pyrrolidine

5.2 PREPARATION OF 1-(2,4-
DINITROPHENYL) PYRROLIDINE
USING GINGER Pd NPs
In a round-bottomed flask, 10 mL of toluene
was combined with 1mmol (0.2025 g) of 1-
chloro-2,4-dinitrobenzene, 1 mmol (0.071 g) of

pyrrolidine, and 2mmol (0.424 g) of K₃PO₄ as
the base. 0.012 g of ginger-synthesized Pd NPs
was added as a catalyst, as shown in Equation 3.
The reaction mixture was then air-refluxed at
150°C for 24 hours, with progress monitored
using TLC.

Equation 3. Formation of 1-(2,4-dinitrophenyl) pyrrolidine.

5.2.1 FTIR SPECTRA OF 1-(2,4-
DINITROPHENYL) PYRROLIDINE
USING GINGER Pd NPs

The FTIR analysis indicates the disappearance
of the secondary N-H band from pyrrolidine,
suggesting reaction completion, Figure 11.
Peaks confirm the presence of sp²-CH at 2862
cm⁻¹, 2919 cm⁻¹, and 1607 cm⁻¹, replacing the

sp³ stretches seen in pyrrolidine at 2957 cm⁻¹
and 2867 cm⁻¹. Tri-substituted C-H bending
appears at 740 cm⁻¹ and 721 cm⁻¹. Strong
asymmetric and symmetric -NO₂ stretches are
observed at 1523 cm⁻¹ and 1320 cm⁻¹,
respectively. The aliphatic tertiary amine C-N
stretch at 1140 cm⁻¹ confirms the successful
formation of the desired product.

Figure 11: FTIR spectra of 1-(2,4-dinitrophenyl) pyrrolidine using ginger palladium nanoparticles
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5.3 PREPARATION OF 1-(4-
NITROPHENYL) PYRROLIDINE USING
TUMERIC Pd NPs
In a round-bottomed flask, 10 mL of toluene
was mixed with 1mmol (0.424 g) of 1-fluoro-4-
nitrobenzene, 1 mmol (0.071 g) of pyrrolidine,

and 2 mmol (0.424 g) of K₃PO₄ as the base.
0.010 g of turmeric-synthesized Pd NPs was
added as the catalyst, as shown in equation 4.
The reaction mixture was then air-refluxed at
150°C for 24 hours, with its progress monitored
using TLC.

Equation 4. Formation of 1-(4-nitrophenyl) pyrrolidine

5.3.1 FTIR SPECTRA OF 1-(4-
NITROPHENYL) PYRROLIDINE
USING TUMERIC Pd NPs

The FTIR spectrum shows the disappearance of
the secondary N-H band from pyrrolidine,
confirming the reaction, Figure 12. Peaks at
2858 cm⁻¹ and 2918 cm⁻¹ indicate the presence

of sp²-CH, while di-substituted C-H bending is
observed at 817 cm⁻¹ and 751 cm⁻¹. Strong -NO₂
stretching is noted at 1430 cm⁻¹ and 1519 cm⁻¹.
The medium aliphatic tertiary amine C-N stretch
at 1106 cm⁻¹ further confirms that the reaction
was completed, and the product was
successfully formed (Frindy et al., 2015).

Figure 12: FTIR spectra of 1-(4-nitrophenyl) pyrrolidine using Turmeric Pd NPs

5.4 PREPARATION OF 1-(2,4-
DINITROPHENYL) PYRROLIDINE
USING TUMERIC Pd NPs
In a round-bottomed flask, 10 mL of toluene
was mixed with 1mmol (0.2025 g) of 1-chloro-
2,4-dinitrobenzene, 1mmol (0.071 g) of

pyrrolidine, and 2 mmol (0.424 g) of K₃PO₄ as
the base. Next, 0.012 g of turmeric-synthesized
Pd NPs was added as the catalyst, as shown in
Equation 5. The reaction mixture was then air-
refluxed at 150°C for 24 hours, with progress
monitored using TLC.

Equation 5. Formation of 1-(2,4-dinitrophenyl) pyrrolidine.

5.4.1 FTIR SPECTRA OF 1-(2,4-
DINITROPHENYL) PYRROLIDINE
USING TUMERIC Pd NPs

The FTIR result shows that the secondary N-H
band from pyrrolidine is still present, indicating
an incomplete reaction, Figure 13. Peaks at 2862
cm⁻¹, 2919 cm⁻¹, and 1607 cm⁻¹ confirm the
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presence of sp²-CH, replacing the sp³-CH
stretches observed in pyrrolidine at 2957 cm⁻¹
and 2867 cm⁻¹. Tri-substituted C-H bends are
observed at 740 cm⁻¹ and 720 cm⁻¹. Strong
asymmetric -NO₂ stretching is seen at 1522 cm⁻¹,

and symmetric -NO₂ appears at 1321 cm⁻¹. The
medium C-N stretch at 1139 cm⁻¹ suggests the
reaction is incomplete, and further stirring may
have been needed for product formation (Veisi
et al., 2015).

Figure 13: FTIR spectra of 1-(2,4-Dinitrophenyl) Pyrrolidine using turmeric Pd NPs

6.0 Conclusion
This study successfully synthesised palladium
nanoparticles (Pd NPs) using green methods
with polyphenolic antioxidants from turmeric,
ginger, garlic, and white onion extracts. The
bio-reduction of Pd (II) ions was achieved under
dark conditions at room temperature, confirmed
by UV-Vis and FT-IR spectroscopy. The
resulting Pd NPs had band gap energies ranging
from 2.93 eV to 9.92 eV. Ginger and turmeric
Pd NPs demonstrated effective catalytic activity
in Buchwald-Hartwig animation without
requiring a ligand. Using plant extracts as
reducing and capping agents, this eco-friendly
approach presents a sustainable alternative to
traditional nanoparticle synthesis. The study
highlights the potential of these green-
synthesized Pd NPs for industrial catalysis and
environmental applications, promoting the use
of renewable, non-toxic resources in
nanotechnology.
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