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Abstract : We report the biological synthesis of palladium nanoparticles with the help of
Sebastiania chamaelea(L.) Muell. Arg. (Family: Euphorbiaceae) leaf. Aqueous leaf extract
of Sebastiania chamaelea was employed for the bioreduction of Pd* ions to Pd°. The leaf
was collected from the campus of Ayya Nadar Janaki Ammal College, Sivakasi, Tamil Nadu.
10ml leaf extract was prepared, resuspended in 90ml of palladium chloride solution and it is
known as reaction medium. The colour change of the reaction medium from pale yellow to
dark brown during the incubation period is due to the vibrations in Surface Plasmon
Resonance (SPR). It indicates the formation of palladium nanoparticles. From this reaction
medium, a small aliquot of the sample was used for the characterization of palladium
nanoparticles through UV-Visible (UV-Vis) Spectroscopic analysis, Fourier Transform Infra
Red (FTIR) Spectral analysis, X- Ray Diffraction (XRD) analysis and Scanning Electron
Microscope (SEM) with Energy Dispersive X-ray (EDX) analysis.The SPR with A max at
475nm and the absorbance was raised up to 0.78a.u. The FTIR analysis explains that the
biomolecules responsible for the stability of palladium nanoparticles that are synthesized by
the leaf broth. The XRD analysis gives the structural information of nanoparticles. The SEM
and EDAX analyses confirmed the significant presence of palladium nanoparticles. The size
of the particle ranged from 50 to 80 nm. Thus the synthesis of palladium nanoparticles with
various sizes is achieved using the leaf broth of Sebastiania chamaelea, as a green route due
to its eco-friendly nature and does not involve any toxic methods and chemical in the
synthesis of palladium nanoparticles.
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Introduction

Nature has many natural stabilizing and capping agents in the form of biomolecules that can produce
the stabilized nanoparticles. Biological sources such as plants and microbes have these biomolecules as
secondary metabolites, proteins and enzymes. This served as an inspiration for biological synthesis of metal
nanoparticles’. Recently, the researchers concentrate this type of synthesizing nanoparticles synthesis because
this method involves in the utility of environmentally benign solvents and non-toxic chemicals®®. This is also
alternative to physical and chemical methods. Different types of metal nanoparticles such as silver, gold,
platinum and palladium were obtained using plants and microbes* These metal nanoparticles have been used in
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many applications in different field. Among them, palladium nanoparticles have unique properties and assorted
applications®. Recently, we demonstrated the eco-friendly synthesis of silver nanoparticles using leaves of
Sebastianiachamaelea®'?. There are very few reports available for synthesis of palladium nanoparticles®*.
Hence, the present is aimed to design a protocol for the biological synthesis of palladium nanoparticles using

leaf extract of Sebastiania chamaelea.

Experimental

All the reagents used in the present study were obtained from Himedia Laboratories Pvt. Ltd.,
(Mumbai, India). Sebastiania chamaelea(L.)Muell. Arg. (Family: Euphorbiaceae), is anerect or ascending herb
to 80cm; latex milky. Leaves alternate, linear-lanceolate, 05-10%0.4-0.69 (1) cm. Unisexual monoecious male
flowering are minute, in clusters of threeTepals unequally 05-partite/lobed. Stamens 03, free, alternate with
tepals, exserted and female flowering are three Tepals with Ovary echinate, Tri-locular;styles 3. Disc 0.Capsule
3-lobed, 5mm across of 2-valved cocci, each with 2 vertical rows of soft prickles; seeds oblong, carunculate;
testa smooth- Plains from the coast, especially on the hills to 1200m, on the thin layer of soil by exposed rocks;
robust specimens in fallow fields.Flower and fruit 1-12- India and Sri Lanka to Australia and Pacific'. Fresh
and healthy leaves of Sebastiania chamaelea(Fig. 1) were collected from the campus of AyyaNadar
JanakiAmmal College, Sivakasi, Tamil Nadu, India.

Figure 1: Sebastianiachamaelea Leaves

The collected leaf samples were thoroughly washed with tap water followed by distilled water to
remove the surface contaminants and dried for 48 hours under shade. The dried leaves were ground to make
fine powder using mortar and pestle and sieved using 20 mesh sieve to get uniform size range. For the
preparation of leaf broth, the sieved leaf powder of Sebastiania chamaelea(10g) added to 100ml of distilled
water and boiled at 70°C for ten minutes. The freshly prepared leaf broth (10 ml) was re-suspended in 90 ml of
aqueous solution of palladium chloride and this mixture is used as reaction medium. This reaction medium was
kept at room temperature for 24 hours. From these reaction media a small aliquot of the samples was collected
separately to characterize the palladium nanoparticles that were synthesized during the above reaction. The
characterization was performed through the following analyses: UV-Visible spectroscopy (UV-Vis), Fourier
Transform Infra-Red Spectroscopy (FTIR), X-ray diffraction (XRD) analysis, Scanning Electron Microscopy
(SEM) and Energy Dispersive X- ray analysis (EDX).

Results and discussion

In biological synthesis, natural materials act as reducing agents for the production of metal
nanoparticles™. In this present work, we have shown the ability of Sebastiania chamaelealeaf extract to reduce
palladium chloride ions and form palladium nanoparticles.

UV-Visible spectrum of silver nanoparticles

UV-Visible spectral analysis was carried out on a Labomed (Model UV-D3200) UV- Visible
spectrophotometer. The formation of palladium nanoparticles was monitored by UV-Visible spectroscopy in the
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350-700nm range. The colour of the reaction medium changed from transparent yellow to brown, which is due
to the excitations of surface plasmon vibrations. It indicates the formation of palladium nanoparticles and it was
confirmed by UV-Visible analysis. Fig. 1 shows the UV-Vis spectra of reaction medium with respect time. The
maximum absorbance peak was observedat 475nm at 24hrs of incubation and the absorbance was raised up to
0.78a.u. The absorption bands appearing in the contrast spectrum of PdCI, solution were ascribed to the ligand-
to-metal charge-transfer transition of Pd (II) ions *>'**. The maximum absorbance peak for synthesized
palladium nanoparticles using agueous extract of soybean (Glycine max) leaf was 420nm *°.

In the reaction medium, fifty percent of reduction completed in the first three hours and the rest of the
reduction occurred in the next three hours (Figure 2a). The reduction is very quick and the reduction was
completed at24 hours.
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Figure 2: UV -Visible absorption spectra of palladium nanoparticles synthesized by leaf broth of
Sebastianiachamaelea. The inset shows the colour change of the reaction medium- 30min, 1hr, 2hrs, 3hrs,
4hrs, 6hrs, and 24hrs (left to right).
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Figure 2a:Spectral plots of absorbance at A max of SPR bands and percentage reduction of palladium
chloride as a function of time

FT-IR Spectroscopic Analysis

FT-IR measurements (using Shinmadzu FT-IR spectrophotometer through KBR pellet method)
identified the biomolecules in the Sebastiania chamaelea leaf broth, which are responsible for reduction and
stability to the biosynthesized palladium nanoparticles. The IR spectra analysis provides an idea about
biomolecules bearing different functionalities *. Fig. 3 shown the FT-IR spectrum bands of palladium
nanoparticles at 840.90 cm™, 972.12 cm™, 995.27 cm™ and 1458.18 cm™ correspond to C-H bend (alkenes),
2877.79 cm™, 2916.37 cm™ and 2954.95 cm™correspond toC-H stretch (alkanes), 2129.41 cm™ corresponds to -
C=C- stretch (alkynes),671.23 cm™ corresponds to =C-H bend (alkynes), 501.49 cm™ and 578.64 cm™
correspond to —C-Br stretch (alkyl halides), 748.38 cm™ corresponds to —C-Cl stretch (alkyl halides), 1735.93
cm™ corresponds to C=0 stretch (aldehydes), 3194.12 cm™ corresponds to N-H stretch (amines), 3441.01 cm™
corresponds to N-H stretch (amides), 1064.71 cm™, 1165.00 cm™ and 1249.87 cm™ correspond to C-N stretch
(aliphatic amines), 1373.32 cm™ corresponds to N=0 stretch (nitro compounds), 2222.00 cm™ and 2337.72 cm™
correspond to C=N stretch (nitriles), 2576.90 cm™, 2723.49 cm™and 2839.22 cm™ correspond to O-H stretch
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(carboxylic acid)."*have synthesized palladium nanoparticles using Solanum leaf extract and assigned theFT-IR
bands at 1637 and 2675cm™to the carbonyl groups and secondary amines respectively.

Figure 3: FTIR spectrum of synthesized palladium nanoparticles using leaf aqueous broth of
Sebastiania chamaelea with palladium chloride.

XRD analysis

The X-ray pattern of synthesized palladium nanoparticles was shown in Fig.4.Crystalline metallic
palladium nanoparticles were examined by X-ray diffractometer Shimadzu (XRD 6000). The number of strong
Bragg’s diffracted peaks was observed at 28.45°, 33.0°, 35.93%nd 40.0° corresponding to the (100), (200), (220)
and (111) and facets of the face-centered cubic lattice of palladium were obtained. The crystallite size of
palladium nanoparticles was calculated using peak broadening profile of (111) peak at 40.0°. The calculated
crystallite size of the synthesized palladium nanoparticles is 70nm.
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Figure 4: XRD pattern of palladium nanoparticles formed after reaction of leaf broth of
Sebastianiachamaelea.

SEM and EDAX analysis

SEM images provided information about the morphology and size of the biosynthesized palladium
nanoparticles. Fig. 5 shows the SEM image of palladium nanoparticles, these particles are in different shapes
such as relatively spherical and cubic within the size range of 50-80nm. Recently,* reported that the fabrication
of spherical shaped palladium nanoparticles using aqueous extract of fruits of Pistacia atlantica with the
average size of about 60nm, while it was spherical shape within the size range 60-70nm of palladium
nanoparticles using Solanum trilobatumleaf extract'.Fig. 6 shows the EDAX patterns of synthesized palladium
nanoparticles using Sebastiania chamaelea leaf extract. The EDAX showed peak that confirmed presence
palladium in the suspension.
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Figure 5: SEM images of palladium nanoparticles synthesized from the Sebastiania chamaelea leaf broth.
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Figure 6: EDX images of palladiumnano particles synthesized from the Sebastiania chamaelea leaf broth.

Conclusion

We reported the biological synthesis of palladium nanoparticles with a help of Sebastiania chamaelea
leaf extract. It has been achieved with the rapid reduction of palladium chloride into palladium nanoparticles.
The reaction medium changed its color from transparent yellow to brown during the incubation period. The
UV-Visible spectrum of the reaction medium has A max at 475 nm and the absorbance raised up to 0.78a.u. The
FT-IR spectrum showed the bands of palladium nanoparticles at 840.90 cm™, 972.12 cm™, 995.27 cm™ and
1458.18 cm™ correspond to C-H bend (alkenes), 2877.79 cm™, 2916.37 cm™ and 2954.95 cm™correspond toC-H
stretch (alkanes), 2129.41 cm™ corresponds to -C=C- stretch (alkynes),671.23 cm™ corresponds to =C-H bend
(alkynes), 501.49 cm™ and 578.64 cm™ correspond to —C-Br stretch (alkyl halides), 748.38 cm™ corresponds to
—C-Cl stretch (alkyl halides), 1735.93 cm™ corresponds to C=0 stretch (aldehydes), 3194.12 cm™ corresponds
to N-H stretch (amines), 3441.01 cm™ corresponds to N-H stretch (amides), 1064.71 cm™, 1165.00 cm™ and
1249.87 cm™ correspond to C-N stretch (aliphatic amines), 1373.32 cm™ corresponds to N=0 stretch (nitro
compounds), 2222.00 cm™ and 2337.72 cm™ correspond to C=N stretch (nitriles), 2576.90 cm™, 2723.49 cm’
'and 2839.22 cm™ correspond to O-H stretch (carboxylic acid)after bio-reduction. The synthesized particles
ranged in size from 50-80 nm and were different shapes such as relatively spherical and cubic as shown by the
SEM images. The strong palladium peak obtained from the EDAX spectrum confirms the significant presence
of elemental palladium. The XRD analysis determines the average size of the nanoparticles is 70 nm. Thus we
succeeded in designing a green approach which is simple and cost-effective and an alternative to physical and
chemical methods in the synthesis of palladium nanoparticles.
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