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Abstract−Persimmon (Diopyros kaki) leaf extract was used for the synthesis of bimetallic Au/Ag nanoparticles. Com-
petitive reduction of Au3+ and Ag+ ions present simultaneously in solution during exposure to Persimmon leaf extract
leads to the formation of bimetallic Au/Ag nanoparticles. UV-visible spectroscopy was monitored as a function of reac-
tion time to follow the formation of Au/Ag nanoparticles. The synthesized bimetallic Au/Ag nanoparticles were char-
acterized with energy dispersive X-ray spectroscopy (EDS), scanning electron microscopy (SEM) and X-ray photoelec-
tron spectroscopy (XPS). SEM images showed that large Au/Ag particles of 50-500 nm were formed with some cubic
structure, while pure Ag particles obtained by reduction of only Ag+ ion were smaller with diameter of 15-90 nm and
predominantly spherical. The atomic Ag contents of the bimetallic Au/Ag nanoparticles from EDS and XPS analysis
were 36 and 71 wt%, respectively, suggesting that bimetallic Au core/Ag shell structure was formed by competitive
reduction of Au3+ and Ag+ ions with Persimmon leaf extract.

Key words: Biological Synthesis, Nanoparticles, Plant Extract, Diopyros kaki, Bimetallic Gold/Silver

INTRODUCTION
 
Nanoparticles exhibit completely new or improved properties based

on specific characteristics such as size, distribution and morphol-
ogy, if compared with larger particles of the bulk material of which
they are made [1-5]. Nanoparticles present a higher surface-to-vol-
ume ratio with decreasing size of nanoparticles. Specific surface
area is relevant for catalytic reactivity and other related properties
such as antimicrobial activity in silver nanoparticles. Value of nano-
materials increases from the bulk materials due to change of unique
physical, mechanical, optical and electromagnetic properties. For
example, the sales costs of silver and gold increase from $95/lb silver
and $6,650/lb gold for standard grades, to $415/lb silver and $26,000/
lb gold for nanoscale grades [6].

Nanoparticles can be produced through different methods, with
chemical approaches being the most popular. However, these meth-
ods can not avoid the use of toxic chemicals in the synthesis proto-
col. Gold, silver and platinum nanoparticles are widely applied to
human contact areas such as shampoos, soaps, detergents, shoes,
cosmetic products and toothpaste as well as medical and pharma-
ceutical applications [7]. Therefore, there is a growing need to de-
velop environmentally friendly processes of nanoparticles synthe-
sis that do not use toxic chemicals. Biological methods of nanopar-
ticles synthesis using microorganisms [8-10], enzymes [11], and
plants or plant extracts [12] have been suggested as possible ecof-
riendly alternatives to chemical and physical methods. Using plants
for nanoparticles synthesis can be advantageous over other biologi-
cal processes because it eliminates the elaborate process of main-
taining cell cultures and can also be suitably scaled up for large-scale

synthesis of nanoparticles [12].
We used several common Korean plant extracts to synthesize

gold, silver and platinum nanoparticles and could obtain synthesis
rates comparable to those of chemical methods by screening pro-
cess and increasing the reaction temperature [13]. The particle size
could also be controlled from 15 to 500 nm by changing tempera-
ture and composition of the reaction mixture. In addition to pure
metallic nanoparticles, bimetallic nanoparticles either in the form
of alloys or core-shell nanostructures are being increasingly inves-
tigated because of their unusual electronic/optical and catalytic prop-
erties [14]. In this study, we synthesized bimetallic Au/Ag nano-
particles by the competitive reduction of Au3+ and Ag+ ions using
Persimmon leaf broth, and suggested that bimetallic Au core/Ag
shell structure was formed through the characterization data.

MATERIALS AND METHODS
 
Persimmon (Diopyros kaki) leaves were collected and dried for

2 days at room temperature. The plant leaf broth solution was pre-
pared by taking 5 g of thoroughly washed and finely cut leaves in
a 300 mL Erlenmeyer flask with 100 mL of sterile distilled water
and then boiling the mixture for 5 min before finally decanting it.
They were stored at 4 oC and used within a week.

For synthesis of Au/Ag bimetallic nanoparticles, 190 mL of a
1 : 1 1 mM solution of AgNO3 and HAuCl4 was taken along with
10 mL of Persimmon broth. The reduction reaction was carried out
in water bath at 95 oC with reflux. The Au/Ag bimetallic nanopar-
ticle solution thus obtained was purified by repeated centrifugation
at 15,000 rpm for 20 min followed by redispersion of the pellet in
deionized water. UV-vis spectra were recorded as a function of reac-
tion time on a UV-1650CP Shimadzu spectrophotometer operated
at a resolution of 1 nm. After freeze drying of the purified Au/Ag
bimetallic nanoparticles, the structure and composition were analyzed
by scanning electron microscopy (SEM, Hitachi S-2500C), energy
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dispersive X-ray spectroscopy (EDS, Sigma), and X-ray photoelec-
tron spectroscopy (XPS, ESCALAB 210).

RESULTS AND DISCUSSION

1. Synthesis of Bimetallic Au/Ag Nanoparticles
Reduction of the gold and silver ions to bimetallic nanoparticles

during exposure to the Persimmon leaf extracts could be followed
by UV-vis spectroscopy. It is known that gold and silver nanoparti-
cles exhibit ruby-red and yellowish-brown color in aqueous solu-
tion due to excitation of surface plasmon vibrations in the metal
nanoparticles [12]. Fig. 1 shows the UV-vis spectra recorded from
the reaction medium as a function of reaction time using Persim-
mon leaf broth together with the spectra of pure metallic gold and
silver nanoparticles. It is observed that the maximum absorbances
of pure gold and silver occur at 544 and 420 nm, respectively. While
the increase in intensity of the gold surface plasmon band for the
Au/Ag bimetallic solution is quite distinct with some shift to 550-
563 nm, a well-defined band corresponding to silver nanoparticles
is not observed. Shankar et al. [12] obtained similar spectra for the
Au/Ag bimetallic solution using Neem leaf broth and mentioned
that the silver particles did not form a uniform layer around the gold
nanoparticles, leading to considerable damping of a distinct silver
plasmon vibration band at ca. 400 nm.

Fig. 2A and B show SEM images for the pure metallic silver and
bimetallic Au/Ag particles, respectively, obtained with 5% Persim-
mon leaf broth at 95 oC. It is shown that relatively spherical and
uniform silver nanoparticles were formed with diameters of 15-90
nm, while larger Au/Ag bimetallic particles with 50-500 nm were
formed with some cubic structure. Regarding the reason of larger

particles formation in Au/Ag bimetals, we can hypothesize as fol-
lows. Gold nanoparticles are initially formed because the reduction
rate of gold ion is faster than that of silver ion. Silver nanoparticles
then assembled onto the surface of the gold nanoparticles possibly
due to interactions such as hydrogen bonds and electrostatic inter-
actions between the bioorganic capping molecules bound to the gold
and silver nanoparticles.
2. EDS and XPS Analysis

EDS and XPS spectra recorded from the Au/Ag bimetallic par-
ticles are shown in Fig. 3A and B, respectively. EDS profile shows
strong gold and silver signals along with a weak oxygen and carbon
peak, which may originate from the biomolecules that are bound
to the surface of the silver nanoparticles. Similar EDS profile was
obtained with gold nanotriangles synthesized by using Aloe vera
extract by Chandran et al. [15]. Together with transmission electron
microscopy (TEM) images, they noted that nanoparticles synthe-
sized from plant extracts are surrounded by a thin layer of some
capping organic material from plant leaf broth. XPS spectrum shows

Fig. 1. UV-vis spectra recorded as a function of reaction time of
1 : 1 1 mM solution of AgNO3 and HAuCl4 with 5% Diopy-
ros kaki leaf broth. Curves a and b represent UV-vis spec-
tra of pure silver and gold nanocolloids, respectively.

Fig. 2. SEM images of (A) pure metallic silver nanoparticles formed
with 1 mM AgNO3 and 5% Diopyros kaki leaf broth at 95 oC
and (B) bimetallic Au/Ag nanoparticles formed with 1 : 1
1 mM solution of AgNO3 and HAuCl4 with 5% Diopyros
kaki leaf broth at 95 oC.
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characteristic gold and silver peaks, suggesting that Au/Ag bime-
tallic nanoparticles are successfully synthesized by using Persim-
mon leaf broth in this study.

Shankar et al. [12] reported that bimetallic Au core/Ag shell nano-
particles were formed by competitive reduction of Au3+ and Ag+

ions in the 1 : 1 molar mixture by Neem leaf broth. Although it is
plausible that Au core/Ag shell nanostructures would be formed
since the reduction rate of gold ion is faster than that of silver ion,
no quantitative proofs on the core/shell nanostructures have been
provided. We measured atomic contents of gold and silver in the
bimetallic Au/Ag nanoparticles by EDS and XPS analysis (Fig. 4).
The atomic Ag content from EDS analysis was 36 wt%, which was
correlated with the theoretical atomic Ag content in the bimetallic
Au/Ag nanoparticles synthesized from 1 : 1 molar mixture of Au3+

and Ag+ ions. Meanwhile, the atomic Ag content from XPS analysis
was 71 wt%, higher than that from EDS analysis. This shows that
silver nanoparticles are richer near the surface of bimetallic Au/Ag
nanoparticles because XPS is a surface chemical analysis technique
that can be used to analyze from the top 1 to 10 nm of a material.

Biological methods of nanoparticles synthesis provide a new pos-
sibility of conveniently synthesizing pure metallic or bimetallic core-

shell nanoparticles using natural products. However, the mechanism
of biological nanoparticles synthesis is not fully understood. For
gold nanoparticles synthesized extracellularly by the fungus Fusar-
ium oxysporum, it was reported that the reduction occurs due to
NADH-dependent reductase released into the solution [16]. With
Neem leaf broth, it was reported that terpenoids are believed to be
the surface-active molecules stabilizing the nanoparticles, and reac-
tion of the metal ions is possibly facilitated by reducing sugars and/
or terpenoids present in the Neem leaf broth [12]. More elaborate
studies are required to elucidate the mechanism of biological nano-
particles synthesis.

CONCLUSION

An environmentally friendly method using Persimmon leaf extract
was proposed to synthesize bimetallic Au/Ag nanoparticles. Large
bimetallic Au/Ag particles of 50-500 nm were formed with some
cubic structure, possibly due to interactions between the bioorganic
capping molecules bound to the gold and silver nanoparticles, while
pure Ag particles were smaller with 15-90 nm and predominantly
spherical. From elemental analysis using EDS and XPS, it was shown
that bimetallic Au core/Ag shell structure was formed by competi-
tive reduction of Au3+ and Ag+ ions with Persimmon leaf extract.
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