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ABSTRACT 

The fabrication of metal nanoparticles is undergoing the revolutionary changes due to their widespread applications in the areas 
like selective and specific catalysis such as hydrogenation, optoelectronics, semiconductor, sensing and diagnosis. Biologically, 
the metal nanoparticles are produced using fungi, yeasts, bacteria, algae and plant biomass. The metal nanoparticles synthesized 
using biological methods include mainly silver and gold. The synthesis of metals like platinum and palladium is still 
unexplored. In this context we have synthesized Platinum and palladium metal nanoparticles using root extract of Asparagus 
racemosus Linn. at room temperature. The synthesized metals were characterized using UV-visible spectroscopy, Transmission 
Electron Microscopy (TEM) and Cyclic Voltammetry (CV) techniques. UV-Visible study revealed that in both cases 
nanoparticles are produced within 5 min. TEM study shows that metal nanoparticles formed are crystalline in nature and 
spherical in shape. It also shows that Pt and Pd nanoparticles are nearly monodispersed and having a particle size ranging 
between 1 to 6nm. CV of the metal nanoparticles shows reversible redox behavior. The method reported for the synthesis of 
metal nanoparitcles is clean, rapid and ecofriendly. Copyright © 2013 VBRI press.  
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Introduction  

The use of noble metal nanoparticles (NPs) as catalysts [1–

3] provides new opportunities for the remarkable 
enhancement  in the chemical process industry as they offer 
an efficient combination of homogenous and heterogeneous 
catalyst advantages. Solution-phase methods are widely 
utilized to produce monodisperse metal nanoparticles. The 
noble metal nanoparticles such as platinum, gold, silver 
rhodium and palladium are having their application in 
catalysis, sensing, low temperature fuel cells, biomedicine 
and cancer therapy due their unique size- and shape-

dependent optoelectronic properties [4–6].  
With significant growth in the interdisciplinary 

Nanoscience research involving chemists, physicists, 
biologists and engineers, researchers have focused on the 
development of sustainable methods for the synthesis of 

nanomaterials [7]. There is a current drive to integrate all 

the ‘‘green chemistry’’[3] approaches to design 
environmentally benign materials and processes.  Recently, 
we have synthesized silver metal nanoparticles by an 
environmentally friendly method without the use of 

chemical (reducing / stabilizing) reagents [8, 9].   
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Biosynthesis of metal nanoparticles using plant 
materials is currently under exploration. It has  received 
more attention as a suitable alternative to chemical and 

physical methods [8–14]. Synthesis of metal nanoparticles 

using plant extracts is a cost effective method [10,15,16] 
and therefore can be used as an economical and viable 
alternative for the large-scale production of metal 
nanoparticles. Though chemical reductions are quite well 
explored, it involves energy intensive operational 
conditions like high temperature, pressure etc. and also 
involves numerous toxic chemicals that make the process 
environment unfriendly. Bioreduction of palladium and 
platinum is one area which is not much explored, in this 
respect; Phyto-reduction of precious metals is a promising 
technology. The phytochemical constituents present in the 
extracts of the plants may act both as reducing and capping 
agents in nanoparticle synthesis. To the best of our 

knowledge till date only few reports [17] are available for 
palladium and platinum reduction using plant materials. In 
this paper we report for the first time the bioreduction of 
platinum and palladium in an aqueous medium at room 
temperature using root extract of Asparagus racemosus 
Linn. The synthesized Pt and Pd   nanoparticles were 
characterized using UV-visible spectroscopy, Transmission 
Electron Microscopy (TEM) and Cyclic 
Voltammetery(CV).  
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Fig. 1. UV-Visible absorbance spectra of (a) platinum and (b) palladium 
nanoparticles along with controls. 

 

Experimental 

Materials 

The synthesis of platinum and palladium nanoparticles has 
been carried out using the root extract of Asparagus 
racemosus Linn. The tubers of Asparagus racemosus were 
collected from the nursery of the Mahim Nature Park, 
Mumbai. The healthy and matured tubers were selected, 
washed thoroughly. The epidermis was peeled off with the 
help of a scalpel and the pith was separated with the help of 
forceps to get the cortex. 5g of cortex was homogenized in 
a mortar and Pestle and suspended in 100 ml of deionized 
water. The suspended mass was then filtered out; the filtrate 
obtained contains the bioactive components leached from 
the tubers. This filtrate was used as the extract for the 
preparation of platinum and palladium nanoparticles. Metal 
salts Platinium (IV) chloride, 99.9% and Palladium (II) 
chloride 59% Pd were purchased from Hi Media India Ltd. 
and Fisher Scientific respectively and were used as 
received. 
 
Synthesis of platinum and palladium nanoparticles 

In the separate experiments to the 10 ml of tuber extract, 
0.1ml of 100 mM metal salt (Platinum tetrachloride / 
Palladium (II) chloride) solution was mixed rapidly. 
Similarly, two control samples, in one plant extract and in 
another solution of metal ion were also maintained. The 
reaction mixtures along with controls were exposed to the 
sunlight for 5 min under static condition. 
 
UV-Vis Spectroscopy studies 

The bioreduction of Platinum and Palladium metal ions in 
the root extract was monitored by sampling aliquots of the 
reaction mixture. The aliquots were diluted with double 
distilled water and spectrum of diluted solution recorded 
using UV-Visible spectrophotometer (Model- Shimadzu 
UV 1800) in the wavelength range 190-1100 nm. Baseline 
correction was made with deionized water. Similarly, the 
spectra of both the controls were recorded. 
  
Refining of sample 

The completely bioreduced metal nanoparticles were then 
concentrated by repetitive centrifugation and re-suspension 
using   cold centrifuge [Eppendorf; Model-R5210] 
compared at 14,000 RPM for 15min. The pellet was 
washed and re-dispersed in deionized water thrice to make 
nanoparticles free from biochemical constituents.  
  
Transmission electron microscopy and selected area 
electron diffraction measurements  

Samples for TEM were prepared by loading a drop of the  
refined nanoparticle solution on the carbon coated copper 
grid followed by drying under Infrared light for 30 min. 
TEM and SAED measurements were then performed on 
instrument operated at an accelerating voltage of 200 Kv 
(Philips; Model CM 200).  
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Cyclic voltammetry study 

Single scan cyclic Voltammetry was performed using 
conventional three electrode system. The electrodes used 
were platinum wire as counter electrode, platinum disc (1 
mm2) as working electrode and silver-silver chloride as a 
reference electrode.  5 ml solution of metal nanoparticles 
was mixed with 1 ml 0.1 M KNO3 as supporting electrolyte 
which was followed by purging of nitrogen gas for 2 min to 
remove dissolved oxygen. The measurements were carried 
out using potentiostate (VersaSTAT 3 Princeton Applied 
Research, UK.).    
 

Results and discussion 

UV-visible spectroscopy  

Samples of the reaction mixture were diluted with 
deionized water and then subjected to the spectral 

measurement. Fig. 1a and 1b show the absorption spectra 
of reaction mixtures after 5 min along with absorption 
spectra of two controls (root extract and metal ion 
solution).  After mixing the solution of palladium (II) 
chloride and platinum tetrachloride with aqueous root 
extract, the reaction mixture changed rapidly from orange 
to dark brown in case of palladium and colorless to yellow  

for platinum (Fig. 2).  The new color was ascribed to the 
excitation of surface plasmon vibrations in the palladium 
and platinum nanoparticles, which indicates the formation 
of Pd and Pt nanoparticles directly.  After the reduction, the 
two absorption maxima observed in case palladium 
chloride (a sharp peak at 260 nm and a small broad peak 
around 370 nm). In case of platinum chloride the peak at 

440 nm is disappeared (Fig. 1a and 1b). Since the peaks 
assigned to metal ions are not found. It is evident that the 
ions of both the metals are reduced to atoms.  
 

a b
 

 

 

Fig. 2. Reaction mixtures showing colour change (a) platinum (b) 
palladium. 
 

TEM and selected area electron diffraction studies  

The morphology and size of MNPs (M= Platinum and 

Palladium) in the solution was investigated by TEM. Fig. 

3a and 3b displays the TEM images and SAED pattern of 
synthesized nanoparticles synthesized at various 
magnifications. The resulting NPs are well dispersed but 
sparse may be due to insufficient concentration of the metal 
ion precursor. The irregular contour could be observed 
probably due to the effect of Ostwald ripening during the 
reaction. In the present case the effect of Ostwald ripening 
was not so highly pronounced since the particles produced 
are highly stable. The high stability of the particles is 
attributed to the presence of bioactive components as 
capping agents. The different shapes of palladium and 

platinum nanoparticles and the presence of capping agent 
need further elucidation by HRTEM.  The size of the 

nanoparticles mainly ranges from 1.0 to 6.0 nm (Fig. 3a 

and 3b). The crystalline phase of the synthesized 
nanoparticles was confirmed by SAED. SAED pattern 
suggest that the MNPs are essentially crystalline and has 
characteristic face centered cubic structure. 
 

(a)
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Fig. 3. TEM and SAED pattern of (a) platinum and (b) palladium 

nanoparticles. 
 

Cyclic voltammetry studies 

The electrochemical measurements were carried out in 
aqueous solutions at a scan rate of 50 mV/sec. The CV 
curves show highly separated redox peaks for both the 

metal nanoparticles (Fig. 4a and 4b). The presence of 
anodic and cathodic peaks indicates that the electrode 
reactions are reversible. However the anodic and cathodic 
peak separation is greater than the usual reversible redox 
behavior. Metal particles diffuse towards the electrode 
surface thereby giving very small peak run on either side. 
The contribution to the current due to the redox reactions or 
other functional groups of bioactive compounds is very 
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little as the concentration is very low compared to the metal 
concentration. 
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Fig. 4. Cyclic voltammogram of (a) platinum and (b) palladium 

nanoparticles. 
 

The present study deals with the novel method for the 
synthesis of platinum and palladium nanoparticles, 
employing the root extracts of Asparagus racemosus Linn. 
The biosynthesis of palladium and platinum nanoparticles 

by various plant material Gardenia jasminoides Ellis [18], 

coffee and tea extract [19], Cinnamomum camphora leaf 

extract[20], Solanum trilobatum leaf extract [21], Diopyros 

kaki leaf extract [22], Curcuma longa tuber extract [23] 

and banana peel extract [24] has been reported. The 
biosynthesis of platinum are also reported by Fusarium 

oxysporum f. sp. Lycopersici [25], cellulosic reducing 

agents [26] and microbes [17]. In our opinion this is the 
first report on the rapid photosensitized biosynthesis of 
platinum and palladium nanoparticle using a biological 
reducing agent.  The rapid and facile bioreduction of 
platinum ion by the phytochemical methods at room 
temperature is not yet reported. Whereas the palladium 
nanoparticles synthesis using plant materials have been 

reported by very few researchers [20, 27]. The reported 
methods involved the boiling of reaction mixture for 
prolonged periods, strict control of the pH and addition of 
stabilizing agents that resulted in the formation of 
polydispersed product with large particle size. The method 
reported in the present work offer certain advantages over 
the methods so far reported as it is free from effect of 
chemical environment such as pH, temperature, addition of 
stabilizing agents. The reaction takes place at room 

temperature eliminating the need of boiling. The 
phytoreduction in the present study is achieved with 
minimum energy input. The photosensitization of the 
reaction mixture triggers phytochemical constituents 
effecting the reduction of metal ions.  The photon serves as 
an energy source for the shuttling of electrons. It is believed 
that the various bioactive components such as alkaloids, 
flavones, steroids, terpenoids, coumarins, lactones, 
linalools, polysaccharides, amino acids, and proteins 
existed in plant materials are involved in the reduction 
process. This method of synthesis by plant extract exhibits 
the prospective application of plant material as bioreducing 
as well as stabilizing agents. 

 

Conclusion 

The method of synthesis of Pt and Pd nanoparticles 
reported in the present work is simple, rapid, time saving 
and environmentally friendly. This method neither require 
high temperature boiling nor the addition of stabilizing and 
accelerating agents. This method gives crystalline, 
monodispersed and   very fine metal nanoparticles having a 
particle size between 1to 6 nm.  The photosensitive 
bioactive compounds like phototropins, flavones may be 
responsible for rapid reduction and stabilization of the 
nanoparticles.  
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