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Abstract : Green nanobiotechnology pave tremendous attention not only to innovative
scientific motto but also an emerging potential area of research, aimed at categorizing
compounds of natural origin and establishing economically efficient routes for the production
of benign materials that have applicability in environmentally harmless (biodegradable), simple
and biocompatible devices. In recent years, the utilization of bio-organic moieties from
different biological sources has become a modern technology for the green synthesis of
nanoparticles. We synthesized the gold-palladium (Au-Pd) nanoparticles using Hypericum
hookerianum shoot extract as reducing and capping material. The grown nanoparticles were
investigated by UV-Vis, XRD, TEM, SAED and FTIR studies. The morphology, distribution
and size of the biomolecule stabilized Au-Pd nanoparticles were carried out by Transmission
electron microscopy studies, crystalline nature of the Au-Pd nanoparticles were characterized
by SAED and X-ray diffraction analysis. The capping involvement of the water soluble phyto-
organic moieties was studied with FT-IR Studies.
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1. Introduction

In recent decade, multi-metallic nanoparticles with alloy or core-shell structures became smart materials
because of their compositiondependent optical, catalytic, electronic, and magnetic properties. A number of
methods, such as chemical and physical methods have been established to prepare bimetallic nanoparticles™*>.
These methods are quite expensive and dangerous to environment and human health procedures. To overcome
these issues, biogenic preparation of nanoparticles is of interest to chemists, physicists, biologists and materials
scientists alike, especially in light of efforts to introduce greener methods of inorganic material procedures other
than physical and chemical methods*®. Utilization of inexpensive and nontoxic chemicals, eco-friendly solvents
and biodegradable materials of biomolecules is a central tenant in material fabrication and processing when
considering green and human friendly procedures® ’. Natural environment provides a indication of biomolecules
that can be effectively utilized in capping nanostructures. Biological sources such as bacteria, fungus, yeast and
plant leaf extracts were used in the synthesis of biomolecules that hosted metal and semiconductor
nanoparticles®*'1412,

The Hypericum hookerianum have high medicinal value and potential applications in medicine such as
effective against inflammation, tumors, bacteria, viruses, allergies. Moreover, besides being anti-oxidants they
have anti-atherogenic, hyperglycemic and hematological properties and are involved in immune modulating
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therapies™***°, In this paper, we present a single step green chemical approach towards the stabilization of
gold-palladium nanoparticles using Hypericum hookerianum extract. The biomolecules performs the dual action
of reducing and capping agent of metallic ions.

2. Materials and methods

HAuUCI;.3H,0 and PdCl, were obtained from Sigma-Aldrich (USA) and used without further
purification. Hypericum hookerianum plant was cultivated by using a man-made method, the fresh Hypericum
hookerianum were raised and maintained in Murashige and Skoog (1962) medium®® supplemented with 1.0
mg/L kinetin (KIN) and 0.2 mg/L naphthalene acetic acid (NAA) following the procedure described by
Padmesh et al. *" *®. All the chemicals were procured from Sigma-Aldrich and during whole experiment Milli-Q
water was used.

The shoot cultures obtained were thoroughly washed, shade dried and fine powdered. The powdered
mass of 10gms was mixed with 100 mL water at 70°C for 15 minutes and cooled down to room temperature.
The extracts were filtered using Whatman number 1 filter paper. The filtered extract was used as reducing agent
for the reduction of 1mM Pd-Au (1:1 ratio) ions.

3. Characterization

The UV-Vis absorption spectroscopic analysis was carried out on Genesys 10 UV-Vis
spectrophotometer with resolution of 1nm between 270-1000nm. The particle size and morphology of the
prepared samples were measured with Philips Tecnai F 12 model TEM. The TEM grids were prepared by
insertion of a drop of the aliquot Pd-Au solution onto a carbon coated copper grid and dried under the lamp. An
X-ray diffraction (XRD) measurement of a thin film of the colloidal Pd-Au solution was drop coated onto a
glass slide. XRD patterns of the prepared thin film was analyzed by using Inel C120 X-ray diffractometer,
equipped with a sensitive detector with curved position and data were collected using Co-Ko radiation of
1.7889A. The size of the Pd-Au nanoparticles are calculated according to the X-ray line broadening method
using the Debye-Scherrer’s formula D=0.9A/BcosO, where D is the average size of the particle, A is the
wavelength of the incident X-ray, B is the FWHM of the diffraction peak.

4. Results and discussion

4.1 UV-Vis absorption studies
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Figure 1.UV-Vis absorption spectrum of palladium-gold nanoparticles.

The reaction between Hypericum hookerianum extract and aliquot Pd-Au solution was analyzed by
UV-Vis absorption spectroscopy was shown in Fig. 1. The absorbance behavior of the bimetallic nanoparticles
is found to be different from those of the individual and physical mixture of monometallic nanoparticles. The
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specific absorbance band of Au nanoparticles that appears at 540 nm is absent in the Au-Pd bimetallic
nanoparticles™ 2. This clearly suggests that dispersions of Au-Pd nanoparticles systems do not contain single-
metallic clusters but contain clusters with bimetallic structure?.

4.2 XRD analysis

The crystalline nature of the Pd-Au NPs was confirmed from XRD analysis as shown in Fig. 2. The
number of strong Bragg’s diffracted peaks was observed at 44.6°, 52.1°, 76.8° and 93.4° corresponding to the
(111), (200), (220) and (311) facets of the face centered cubic (fcc) lattice of gold rich Pd-Au nanoparticles. The
calculated average domain size of the Pd-Au NPs was 4 nm using the full width half maximum (FWHM) of the
(111) Bragg’s reflection, which matches well with the average diameter of nanoparticles determined from TEM.
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Figure 2. XRD-spectrum of palladium-gold nanoparticles.

4.3 TEM and SAED studies

Figure 3 (a). TEM image of palladium-gold nanoparticles. (b) SAED pattern of palladium-gold
nanoparticles
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The particle morphology, size and crystallinity were studied from TEM, and SAED analysis. Fig. 3(a)
shows the TEM image of the biosynthesized Pd-Au nanoparticles. From the image, it is interesting to note that
particles are not in physical contact and found to be surrounded by a thin layer of biomolecules, which is
showing the stabilizing the nanoparticles. The formations of Pd-Au nanoparticles with diameter 2-10 nm were
observed. The SAED pattern suggests that the particles are highly crystalline nature as shown in Fig. 3 (b).
From the figure, the diffraction rings are from inner to outer, clearly indicating the fcc phases of Pd-Au
nanoparticles with (111), (200), (220) and (311) reflections.

4.4 FTIR Analysis

The possible functional groups of adsorbedbio-organic molecules on the exterior of thenanoparticles
were studied by FTIR spectroscopy (Fig. 4). FTIR peaks identified at 3430, 2925, 2348, 1741, 1627, 1426,
1319, 1043 and 703 cm™. The band at 3430 cm™can be associated with stretching vibrations of H in O-H, in
alcohols and poly phenols and the peak at 2925 cm™ indicates hydrogen bonded O-H stretch carboxylic
acid.The peak 1741 cm™suggest theC=C vibrationsof aromatic rings.The peaks at 1627, 1319 and 1043 cmare
due to the C=C, C=0 and N-H stretching and aromatic stretching vibrations could be attributedto different
molecular ratios of carboxylic acid, alkenes and aminecontent of the capping reagents of the nanoparticles
reduced in differentplant extracts®**. These interactionsmake simple the gathering of phyto-organic molecules
into a protective capping layer on the surface of Pd-Au nanoparticles, which results in both passivations and
stabilization of the Pd-Au nanoparticles.
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Figure 4.FTIR Spectrumof palladium-gold nanopatrticles.

5. Conclusions

Phytochemicals of the shoot cultures of Hypericum hookerianum acted as reducing and capping agents
for synthesis of Pd-Au nanoparticles. UV-Vis study gives dispersions of Au-Pd nanoparticles systems, which
do not contain single-metallic clusters but have clusters with bimetallic structure. TEM image shows the
synthesised Pd-Au NPs are spherical shape with size ranging from 2-10nm. FTIR spectrum supports the
interactionsthat make simple the gathering of phyto-organic molecules into a protective capping layer on the
surface of Pd-Au nanoparticles, which results in both passivations and stabilization of the Pd-Au nanoparticles.

References

1.  Chen MS, Kumar, D, Yi CW, Goodman DW. The Promotional Effect of Gold in Catalysis by
Palladium-Gold. Science, 2005; 310: 291-293.

2. Johansson-Seechurn CCC, Kitching MO, Colacot TJ, Snieckus V. Palladium-catalyzed cross-coupling:
a historical contextual perspective to the 2010 Nobel Prize.Angew. Chem. Int. Ed., 2012; 51:
5062—-5085.



Vinita Vishwakarma et a/ /International Journal of ChemTech Research, 2016,9(11),pp 34-38. 38

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Wang F, Li C, Chen H, Jiang R, Sun LD, Li Q, Wang J, Yu JC, Yan CH. Plasmonic harvesting of light
energy for Suzuki coupling reactions. J. Am. Chem. Soc., 2013; 135: 5588—-5601.

4.Srinivas T, Murthy KSR, Rakesh NN. Kinetic Modeling of Continuous Column study for the
removal of Cu (Il) and Fe (II) using orange peel as an adsorbent, International Journal of ChemTech
Research, 2016; 9: 300-313.

Krishnasamy A, Sundaresan M, Velan P. Rapid phytosynthesis of nano-sized titanium using leaf extract
of Azadirachta indica, International Journal of ChemTech Research 2015; 8: 2047-2052.

Magano J, Dunetz JR. Large-Scale Applications of Transition Metal-Catalyzed Couplings For The
Synthesis of Pharmaceuticals. Chem. Rev., 2011; 111: 2177-2250.

Shanthi P, KothaiS. Synthesis and Characterization of Chitosan with Incorporated Herb — A Novel
Bionano Composite, International Journal of ChemTech Research, 2015; 8: 208-214.

ImtiyazHussain, SinghNB, SinghA, SinghH, Singh SC.Green synthesis of nanoparticles and its
potential application.BiotechnolLett., 2016; 38:545-560.

Mahmoud Nasrollahzadeh, S. Mohammad Sajadi, Mehdi Maham, Green synthesis of Palladium
Nanoparticles Using Hippophae rhamnoides Linn leaf extract and their catalytic activity for the
Suzuki—Miyaura coupling in water, Journal of Molecular Catalysis A: Chemical, 2015; 396:297-303
Nadagouda MN, Varma RS. Green Synthesis of Silver and Palladium Nanoparticles At Room
Temperature Using Coffee And Tea Extract. Green Chem., 2008; 10: 859-862.

Nuzhat T, Vidyasagar GM. Synthesis, Characterization and Antimicrobial activity of Silver
nanoparticles using Santalum album aqueous seeds extract, International Journal of ChemTech
Research, 2016; 9: 352-358.

Devasenan S, Beevi NH,Jayanthi SS. Synthesis and Characterization of SilverNanoparticles by
Chemical Reduction Method and their Antimicrobial Activities, International Journal of ChemTech
Research, 2016; 9: 571-576.

Mukherjee PK, Saritha GS, Suresh B. Antibacterial spectrum of Hypericum hookerianum. Fitoterapia.,
2001; 72: 558-560.

Vijayan P, Vinod KS, Badami S, Mukherjee PK, Dhanaraj SA, Suresh B. Selective in vitro cytotoxicity
of Hypericum hookerianum towards cancer cell lines. Int J Orient Pharm Exp Med., 2003; 3: 141-146.
Dongre SH, Badami S, Godavarthi A. Antitumor activity of Hypericum hookerianum against DLA
induced tumor in mice and its possible mechanism of action. Phytother Res., 2008; 22: 23-29.
Murashige T, Skoog F. A revised medium for rapid growth and bioassays with tobacco tissue
cultures.Physiol Plant., 1962; 15: 473-479.

Padmesh P, Seeni S, Reji JV, Nair GM. A Novel Process for the Production of Hypericin from shoot
and Callus Cultures of Hypericum hookerianum. Indian Patent.2008; 239540.

Manoj L, Vinita Vishwakarma, Green Synthesis and Spectroscopic characterizations of gold
nanoparticles using in vitro grown hypericin rich shoot cultures of Hypericum hookerianum,
International Journal of ChemTech Research, 2015; 8: 194-199.

LeeYW, KimNH, LeeKY, KwonK, KimM, HanSW. Synthesis and Characterization of Flower-Shaped
Porous Au-Pd Alloy Nanoparticles, J. Phys. Chem. C2008; 112: 6717-6722.

XiaoQ, SarinaS, BoA, Jia J, LiuH, ArnoldDP, HuangY,WuH, Zhu H. Visible Light-Driven Cross-
Coupling Reactions at Lower Temperatures Using a Photocatalyst of Palladium and Gold Alloy
Nanoparticles, ACS Catal. 2014, 4, 17251734

ShiL, Wang A, Zhang T, ZhangB, SuD, LiH, SongY. One-Step Synthesis of Au—Pd Alloy
Nanodendrites and Their Catalytic Activity, J. Phys. Chem. C 2013; 117: 12526-12536.

S.L. Smitha, K.G. Gopchandran, Surface enhanced Raman scattering, antibacterial and antifungal
active triangular gold nanoparticles. Spectrochim.Acta A., 2013; 102: 114-119.

Soosairaj S, Kala A, Raja P, Vijaya K, Phytochemical , Screening and GC-MS Analysis on Spermacoce
articularis L.f. (Rubiaceae) International Journal of ChemTech Research, 2013; 5: 3070-3074.

%k Xk %k %k k



