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ABSTRACT 

Palladium (Pd) nanoparticles were synthesized using protein rich soybean leaf extract based biological process. Reduc- 
tion of palladium ions by soybean leaf extract was examined by UV-visible spectroscopic technique. It was believed 
that the proteins and some of the amino acids that are exist in soybean leaf extracts were actively involved in the re- 
ducetion of palladium ions. Further it was confirmed by Fourier transformations infrared spectroscopic (FTIR) analysis. 
These amino acids are not only involving in the reduction of palladium ions but also acting as surfactants that inhibits 
the rapid agglomeration. The phase purity of the synthesized palladium nanoparticles was investigated through X-Ray 
Diffraction (XRD) analysis and the obtained pattern was compared with JCPDS data. Transmission electron micro- 
scopic (TEM) images of the palladium particles were recorded and the particle size was found to be ~15 nm. 
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1. Introduction 

Nobel metal nanoparticles (like silver, platinum, gold and 
palladium) exhibits unique physical, chemical, optical 
and thermo dynamical properties at nano regime [1,2], 
which lead them in to many applications such as catalysis 
[2], sensors [3], magnetic recordings [4], biotechnology 
[5], as well as drug delivery [6]. Especially palladium 
nanoparticles are having an extensive application in het- 
erogeneous and homogeneous catalysis due to their high 
surface to volume ratio [2,7,8]. Surface plasma resonance 
(SPR) is another important feature in palladium nanopar- 
ticles which is useful in sensing, chemo-optical trans- 
ducers, plasmonic wave guiding [9-11]. In general, a 
wide range of wet chemical processes including, chemi- 
cal reduction [12], sonochemical [13], electrochemical 
[14] as well as polyol [15] has been investigated for the 
structure controlled synthesis of metal nanoparticles. The 
challenging tasks in palladium nanoparticle synthesis are 
size control and inhibit the agglomeration during synthe- 
sis as well as storage [12-15]. 

The synthesis of metal nanoparticles using bio inspired, 
eco friendly greener methods is one of the most attractive 
aspects of current nanoscience and nanotechnology [16- 
18]. Extensive research effort has been made in utilizing 

various biological systems such as bacteria, fungus and 
plant extracts for the synthesis of metal nanoparticles 
[19-22]. Among them plant extract mediated biological 
process is found to be simple and versatile process for 
the synthesis of different types of metal nanoparticles 
such as silver, gold and palladium, which has emerged as 
an alternate to conventional physical and chemical met- 
hods [22-30]. There are few reports available for the syn- 
thesis of palladium nanoparticles that effectively utilise 
Diopyros kaki. leaf [30], Cinnamom zeylanicum bark 
[31], C. Camphora leaf [32], Curcuma longa tuber [33] 
and banana peal [34] extracts, which act as reducing as 
well as stabilizing agents. However, synthesis of palla- 
dium nanoparticles using plant extract mediated biologi- 
cal process has not established as much as for silver and 
gold nanoparticles. 

Recently, our group has successfully demonstrated the 
rapid synthesis of silver nanoparticles in aqueous solu- 
tions using soybean leaf extract [35]. This is motivated 
us to explore the possible bioreduction of palladium ions 
into nanoparticles. Hence, the present work deals with 
biological (green) synthesis of palladium nanoparticles 
by Glycine max leaf extract at ambient conditions. The 
bioreduction process was monitored by the UV-visible 
spectroscopy and the crystalline structure was investi- 
gated using X-ray Diffraction (XRD) technique. Micro- 
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structure of the synthesized palladium nanoparticles were 
characterized by transmission microscopy (TEM), and 
Fourier transformation infrared spectroscopy (FTIR) was 
used to understand the amino acid-palladium (II) ions in- 
teractions. 

2. Materials and Methods 

Palladium (II) chloride (PdCl2) as the source of palla- 
dium ions was received from Sigma Aldrich and used 
without further purification. The Glycine max (soybean) 
leaves of DKB 0099 variety were used to make extract. 
The soy leaf extract was prepared by the following pro- 
cedure: 20 gm of soybean leaves were thoroughly washed 
with deionized water and cut in to small pieces. Further 
they were boiled with in 100 ml of deionized water in 
conical flask for 3 min. Obtained soybean leaf extract 
was filtered and stored in refrigerator. Figures 1(a) and 
(b) show the photograph of soybean leaves and their ex-
tract. In order to synthesize palladium nanoparticles, 10 
ml of filtered soybean leaf extract was added into 200 ml 
of (0.1 × 10–3 M) palladium ion aqueous solution. The 
bioreduction of palladium ions and their nucleation into 
nanoparticles was monitored by the UV-visible spectral 
analysis. 

The optical absorption of biosynthesized palladium 
nanoparticles was investigated by the Varian UV-Vis 
Spectrophotometer (300 UV-Vis) with using wavelength 
between 300 to 800 nm at a resolution of 2 nm. Powder 
XRD pattern of palladium nanoparticles was recorded by 
using Regaku multiflux X-ray powder diffractometer 
with Cu Kα (1.5418 Å) radiation. The crystallite size of 
the palladium nanoparticles was calculated using line 
broadening information and Scherrer’s formula. Purity of 
the palladium nanoparticles and reactive substance in leaf 
extract was investigated using Thermo Scientific’s FTIR 
instrument in the transmittance mode between 400 and 
4000 cm–1. Microstructure of the synthesized palladium 
nanoparticles was characterized by the high resolution 
transmission electron microscopy (HRTEM). The palla-
dium nanoparticles were placed on carbon coated copper 
grid and allowed the solvent to evaporate. Further, the 
grid was loaded in to the JEOL 2010F HRTEM instru-
ment and the image was recorded with 200 KV operating 
voltage. 

3. Results and Discussion 

3.1. UV-Vis Spectra Analysis 

Addition of soybean leaf extract in to palladium ion solu- 
tion exhibits the gradual change in colour from transpar- 
ent orange to dark brown over the time as shown in Fig- 
ure 1(c). The observed appearance of brown colour, 
which is due to the excitations of surface plasmon vibra-

tions, indicates the formation of palladium nanoparticles 
and it was proved by UV-Vis analysis. Figure 2 shows the 
UV-Vis spectra of reaction mixture (PdCl2 solution and 
soybean leaf extract) with respect to time. The observed 
peaks at 420 nm at one min indicate the presence of the 
Pd2+ ions in reaction mixture. Over the time the peaks re- 
present the Pd2+ ions begin to disappear, which indicates 
the formation of palladium nanoparticles and the complete- 
ly vanished after 2 days. Obtained palladium nanoparti-
cles were collected by centrifugation for further analysis. 

3.2. X-Ray Diffraction (XRD) 

The XRD pattern of palladium nanoparticles is shown in 
the Figure 3. The observed intense peaks 40, 46, 68, 82 
and 87 deg. are respectively representing the (111), (200), 
(220), (311) and (222) Bragg reflection. Further the XRD 
pattern was compared with JCPDS standard (#05-0681) 
and confirmed the formation of palladium nanoparticles 
 

 

Figure 1. Photograph of (a) Soy leaf; (b) Soy leaf extract; 
and (c) Reaction mixture at different time intervals. 
 

 

Figure 2. UV-visible spectra of reaction mixture (PdCl2 so- 
lution and soy leaf broth) at different time intervals. 
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Figure 3. XRD patterns of palladium nanoparticles synthe-
sized by plant leaf extract mediated biological process with 
JCPDS (05-0681) data. 
 
with cubic (fcc) crystal structure, which is also consis-
tence with the earlier reports [32-34]. The crystallite size 
of the palladium was calculated using peak broadening 
profile of (111) peak at 40˚ and Sherrer’s formula as fol-
lows, 

 0.9 cosd     

where λ is wavelength (1.5418 Å) and β is full width half 
maximum (FWHM) of corresponding peek. The calculated 
crystallite size of the synthesized palladium nanoparticles 
is 13 nm. 

3.3. Transmission Electron Microscopy (TEM) 

Size and selected area electron diffraction (SAED) pat-
terns of the palladium nanoparticles synthesized using 
soybean leaf extract were investigated using HRTEM. 
The HRTEM images of palladium nanoparticles that are 
shown in the Figures 4(a) and (b) indicate the formation 
of uniformly distributed spherical structure with ~15 nm 
in diameter. The HRTEM high magnification image of 
palladium nanoparticles (Figure 4(c)) recorded along the 
(111) axis shows the lattice structure, which are sepa-
rated by the 2.24 Å. The Selected area electron diffrac-
tion (SAED) patterns were recorded and the obtained 
Debye-Sherrer rings are show in Figure 4(d), which are 
represented to (111), (200), (220), (311) and (222) planes 
and its supported by the XRD analysis. Energy disper-
sion X-ray spectroscopy (EDS) was recorded and shown 
in Figure 5. The observed characteristic peak assigned to 
palladium metal in EDS spectrum, also evident the suc-
cessful formation of palladium nanoparticles. 

3.4. Fourier Transform Infrared Spectroscopy 
(FTIR) 

The bioreduction mechanism of plant leaf extract is un- 

clear, however it has been strongly believed that the por- 
tions, polyols, terpenoids, as well as reducing sugar in  
the leaf extract causes the metal ion reduction. In present 
investigation, it was understood that the metal ion reduce- 
tion was predominantly performed by various amino ac-
ids, which are present in Glycine max (soybean) leaf. 
Hence, FTIR analysis was carried out to investigate the 
interactions of amino acids with metal ions. Among the 
20 essential amino acids, only 8 are infrared active and 
they are Glutamic, Aspartic, Arginine, Lysine, Tyrosine, 
Histidine, Asparagine and Glutamine. Table 1 shows their 
respective active IR vibrations along with band positions 
[36]. 

Figure 6(a) shows the FTIR spectrum of soybean leaf 
extract at room temperature. The observed peaks at 1041  

 

 

Figure 4. TEM images of synthesized palladium nanoparti-
cles (a)-(c) with selected area electron diffraction (d). 

 

 

Figure 5. EDS spectrum of synthesized palladium nanopar-
ticles using soy leaf extract. 
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Table 1. Active vibrations and respective band positions of 
IR active amino acids in soybean. 

S.No Amino Acid Active Vibrations 
Band Positions

(cm–1) 

1 Glutamic (Glu) COO–, COOH 1560, 1712 

2 Aspartic (Asp) COO–, COOH 1574, 1716 

3 Arginine (Arg) CN3H5 st. Asy, Sy 1673, 1633 

4 Lysine (Lys) NH3 bd Asy, Sy 1629, 1526 

5 Tyrosine (Tyr) Ring, C-O 1041, 1081 

6 Histidine (His) Ring 1596 

7 Asparagine (Asn) C=O st, NH2bd 1678, 1622 

8 Glutamine (Gln) C=O st, NH2bd 1670, 1610 

 

 

Figure 6. FTIR spectra of (a) Soy leaf broth and (b) Soy leaf 
broth + Pd solution. 
 

 

Figure 7. Predicted reduction reaction between Tyrosine 
and palladium ions. 
 
cm–1 and 1081 cm–1 are assigned to coupled vibrations 
(δO-H + νC-O) of the hydroxyl group of the tyrosine. The 
possible reaction of tyrosine with palladium ions, which 
donates electrons and converts them in to palladium (Pd0) 
is schematically represented in Figure 7. 

During the reduction, the -OH functional group in ty- 
rosine has converted into -COOH group and it was con- 
firmed in the newly appeared FITR peaks in Figure 6(b) 
at 1730 cm–1 and 1756 cm–1, which is assigned to sym- 
metrical and asymmetrical C=O stretching [37-39]. Fur- 
ther investigations are in progress in order to reveal the 
detailed information of bioreduction mechanism for the 
extracellular synthesis of metal nanoparticles using plant 
extracts. 

4. Conclusion 

Palladium nanoparticles were successfully synthesized 
using Glycine max (soybean) leaf extract mediated bio- 
synthesis process. Protein rich soybean leaf extract is 
acting as an effective reducing agent for palladium ions, 
which was proved by our FTIR analysis. The synthesized 
palladium nanoparticles were characterized using XRD 
and confirmed the fcc phase. HRTEM investigation re- 
sults that the average size of synthesized palladium na- 
noparticles is around 15 nm. From this investigation we 
found that the soybean leaf mediated biosynthesis proc-
ess can be cost effective and also alternate for conven-
tional chemical and physical processes for the synthesis of 
palladium nanoparticles. Also these bio synthesized pal- 
ladium nanoparticles can be used as catalysis especially 
in the degradation of azo dyes. 
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