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Abstract

Silver dendrites have been prepared by an electrochemical technique in an aqueous solution of
AgNO3 in the presence of DNA. An electrochemical cell was placed in an operating ulrasonic bath
and carried out the electrolysis in the presence of an ultrasonic field. Silver dendrites were charac-
terized with a transmission electron microscopy and X-ray diffraction. It was found that the concen-
tration of AgNO3 and DNA affected the formation of the nanoparticles. © 2001 Elsevier Science Ltd.
All rights reserved.
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1. Introduction

Synthesis of nanparticals is a new emerging field in solid state chemistry. Due to their
small size, these nanocrystallites exhibit novel material properties which are significantly
different from those of the bulk. Nanosized particles of noble metals have attracted consid-
erable interest in various fields of chemistry, because of their conspicuous physicochemical
catalytic properties and their potential applications in microelectronics, optical, electronic
and magnetic devices [1–5]. Therefore, it could be essential to develop an effective prepa-
ration method of particles with well-controlled shapes and sizes.

It is well known that catalytic reactivity depends on the size and shape of the metal
nanoparticles and that the synthesis of well-controlled shapes and the size of particles could
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be critical for their applications [6]. Several methods have been used in recent years for the
preparation of colloidal metal sols. The method generally involves the reduction of relevant
metal salt in the present of suitable surfactant, which is usual in the control of the growth of
the metal particles. Previous studies on colloidal particles have focused on the control of
particle sizes and their growth kinetics, and have related particle sizes and catalytic activity.
The research has shown that the degree of polymerization [7] and concentration of the
stabilizing polymer [8] influences the size distribution, stability, and catalytic activity of
colloidal particles. Some references reported the preparation of Ag nanoparticles with
different shapes [9–17]. Richter et al also reported the formation of nanoscale palladium
clusters on a DNA template [18]. However, shape control has been much more difficult to
achieve and, hence, the exploration of a novel method for the preparation of differently
shaped metal nanoparticles is a challenging research area.

Silver nanocrystallites have been largely studied for their application in the photographic
process [19] and their property of surface-enhanced Raman spectroscopy [20]. The particles
are usually prepared by chemical reduction of metal salts. Electrochemistry is also one of
useful tools for the preparation of nanoparticles. An alternative electrochemical procedure
was described by Reetz and Helbig [21], in which metal sheets are anodically dissolved, and
the intermediate metal salts formed are cathodically reduced, giving rise to metallic clusters
stabilized by teraalkylammonium salts.

In order to obtain small particles, we considered using macromolecules as dispersion
agents. Because DNA is a macromolecule containing a lot of base, which can interact with
silver particles, the silver particles can disperse into DNA. Based on this property, we chose
DNA as a stabilizing polymer to obtain small size dendritic silver. In this paper, we report
the use of the electrochemical method for the preparation of silver dendrites. Our experiment
was based on the electroreduction of AgNO3 in aqueous solution in the presence of DNA.
The silver nanoparticles were characterized by transmission electron microscopy (TEM) and
powder X-ray Diffraction (XRD).

2. Experimental section

AgNO3 was purchased from Shanghai first reagent factory (China), Fish sperm DNA was
purchased from Shanghai Chang Yang pharmaceutical Factory (China) and used without
further purification. Electrochemical experimental instrument used was a CH660 (CHI Co.
USA) electrochemical system. Silver nanoparticles were prepared via electrochemical re-
duction within a simple two –electrode type cell analogous to the system described previ-
ously [21,22]. A platinum sheet (535mm2) was used as the cathode; another platinum wire
was used as a counter electrode in our electrochemical cell. An electrochemical cell was
placed in an operating ultrasonic bath and the electrolysis was carried out in the presence of
an ultrasonic field (50Hz, 100W). A controlled-current electrolysis was used throughout for
a typical current of 10mA and a typical electrolysis time of 30 min. The volume of the
electrolysis cell was 100ml. The temperature during the reaction was controlled at ca.20°C.
A centrifuge was used for separation of the solid product.

AgNO3 and DNA were mixed in an aqueous solution under a N2 atmosphere. The
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electrolyte volume was 50ml. Using Reaction time of 30min was used to carry out the
deposition. At the end of the reaction, the precipitate was centrifuged, repeatedly washed
with distilled water and ethanol, and dried. Transmission electron microscope was performed
using a JEM 200CX Instrument (Japan). The powder X-ray diffraction patterns were
recorded using a XD-3A X-ray diffractometer with Ni filtered Cu radiation (Cu Ka, l 5
1.5418 Å, Japan).

3. Results and Discussion

A typical XRD pattern of the as-prepared silver dendritic nanoparticles (the concentration
of AgNO3 and DNA: 1.2310-2 mol/l and 0.8g/l respectively) shows the presence of the
diffraction peaks corresponding to the (111), (200), (220), (311) planes as shown Fig. 1. All
the peaks in the XRD pattern agree with the result reported previously [11].

The TEM images of the Ag nanoparticles are shown in Figure 2. Figure 2a, 2b shows the
typical TEM images of the product obtained by electroreducing the solution containing
6310-3 mol/l AgNO3 and 0.8g/l DNA. It is apparent that Ag nanoparticles display dendritic
growth. We believe that the excess of silver in the solution may be favorable for the
aggregation and growth into the dendritic structures of the Ag cluster. It is found that the
concentration of AgNO3 plays a significant role in the formation and growth of the silver

Figure 1. The XRD pattern of silver dendrites.
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nanoparticles. When the concentration of AgNO3 is increased to 1.2310-2 mol/L (the
concentration of DNA is still 0.8g/l), the elegant Ag dendrites can also be observed as shown
in Fig 2c, 2d. The tree-like structure of Ag nanoparticles, abbreviated as DLA (diffusion-
limited aggregate model) [23–24], represents a very wide variety of growths, in which one
particle after another is formed and then diffuses, adhering to the growing structure. If the
concentration of AgNO3 is decreased to 1.2310-3 mol/L in the presence of 0.8g/l DNA, the
formation Ag dendrites is not observed. Rather, the Ag nanoparticles display irregular shapes
with the size of particles being about 10nm in diameter. It is found that the concentration of
DNA also plays a key role in the formation of Ag nanoparticles. The results confirmed that
almost no Ag dendrites are observed in the TEM images if the concentration of DNA is less
than 0.1g/l in 1.2310-2 mol/l AgNO3 solution for the same reaction time. In this case, the
silver deposit appears on the electrode and in the solution with larger size. Increasing the

Figure 2. The TEM images of silver dendrites (a),(b) (The concentration of AgNO3: 6310-3 mol/l) (c), (d) (The
concentration of AgNO3: 1.2310-2 mol/l)
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concentration of DNA in the system is found to be favorable for the formation of the silver
dendritic nanoparticles. We found 0.8g/l DNA solution can obtain better Ag dendrites when
the concentration AgNO3 is 1.2310-2 mol/l as shown in Figure 2. This result of the influence
of the concentration of DNA on the shapes and sizes of Ag nanoparticles may be similar to
that obtained by El-sayed and co-workers [6], who reported that the ratio of the concentration
of the capping polymer material to the concentration of the platinum cations can influence
the shapes and sizes of platinum nanoparticles. In the present work, the protecting agent
DNA may also be a kind of capping polymer material, which usually acts as a molecularly
dissolved surface modifier or steric stabilizer. Its presence in the system plays an important
role in the formation of the Ag nanostructure. According to experimental results obtained, we
can consider that DNA molecules might act as stabilizers promoting the formation of silver
nanoparticles. The ultrasonic field also may affect the formation of silver dendrites. If
sonication is not used, it is observed that Ag is deposited on the electrode and silver powders
cannot be obtained. We think sonication also promotes the formation of silver dendrites.
During the reaction, the particles can be detached from the electrode surface by this
treatment, but, in a relatively high concentration of AgNO3, they are not completely detached
immediately so that the particles formed can further grow on seed left on the electrode. This
growth can promote the formation of silver dendrites. In a relatively low concentration of
AgNO3 solution, some small particles can be obtained, which suggests that the particles
deposited on electrode surface can be detached quickly as the smaller particles fall into the
solution, and DNA acts as a stabilizer to prevent further growth.

4. Conclusion

In this paper, electrochemical method was successfully developed for the preparation of
Ag dendrites at room temperature using DNA as a protecting agent. It was found that the
concentration of both AgNO3 and DNA play an important part in the formation nanopar-
ticles. The effects of sonication also play an important role.
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