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Abstract Silver (Ag) nanoparticles were obtained

when Ag microparticles were exposed to an electron

beam in a transmission electron microscope (TEM).

Results from TEM characterization indicated that the

morphologies of the prepared Ag nanoparticles were

quasi-circular, and the sizes were mainly in the range

of 5–60 nm. The effect of irradiation time (t) on size

and distribution of Ag nanoparticles was investigated.

It was found that the sizes of Ag nanoparticles

increased with the increase of t. The bigger Ag

nanoparticles were near the Ag microparticle and the

smaller ones were far from it. In addition, these Ag

nanoparticles were monodisperse. This approach

offered a new route for preparing Ag nanoparticles

under electron beam irradiation, and the forming

process of Ag nanoparticles was explained by the

nucleation-growth mechanism.
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Introduction

Silver (Ag) nanoparticles are widely used in micro-

electronics, photoelectron materials, electronic con-

duction materials, and catalyst, etc., due to their

unique electrical, magnetic, and other properties

(Kukhta et al. 2006; Ma et al. 2008; Liu and Zhao

2009). In the field of spectroscopy, Ag nanoparticles

show good surface-enhanced Raman scattering

(SERS) effects (Nie and Emory 1997; Wang et al.

2006). In addition, Ag nanoparticles have antibacte-

rial capability (Baker et al. 2005; Shrivastava et al.

2007; Martinez-Castanon et al. 2008). When Ag

nanoparticles are added into some fibers, the charac-

terestics of these fibers are improved, and simulta-

neously the fibers also have antibacterial capability.

As Ag nanoparticles have these merits as above

mentioned, many methods were used for Ag nano-

particle preparation, including electrochemical depo-

sition (Rodriguez-Sanchez et al. 2000; Khaydarov

et al. 2008), polymer-protected reduction (Zhang

et al. 1996; Yonezawa et al. 2001), microemulsion

(Ji et al. 1999; Shah et al. 2000), and hydrothermal

methods (Wang et al. 2005).

In recent years, electron beam irradiation method

has been widely used to prepare metal nanoparticles.

For example, highly monodisperse gold nanoparticles

with an average diameter of 2.0 nm were obtained

when the Au(I)–SC18 polymer was irradiated by an

electron beam in a TEM (Kim et al. 2005). Bismuth

nanoparticles were synthesized when sodium
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bismuthate was exposed to an electron beam in a TEM

(Sepulveda-Guzman et al. 2007). After the electron

beam irradiation, bismuth nanoparticles with a rhom-

bohedral structure and diameter of 6 nm were

observed. To our best knowledge, however, there are

no reported studies of using Ag microparticles as

precursors to prepare Ag nanoparticles by electron

beam irradiation method. In this article, Ag micropar-

ticles were first prepared by calcination method, and

then Ag nanoparticles were obtained using these Ag

microparticles under electron beam irradiation in a

TEM. As a result, a new approach for preparing Ag

nanoparticles was established.

Experimental section

The experimental process was as follows: First, 1.0 g

of silver chloride (AgCl) and 2.0 g of sodium carbon-

ate (Na2CO3, keeping in excess) were mixed homo-

geneously in a ceramic crucible. Then the ceramic

crucible was placed in muffle and heated at 500 �C for

3 h. Second, the muffle was cooled down to room

temperature, and the product was filtered and washed

with distilled water to remove the by-products. The

product was then dried at 80 �C under vacuum for 2–

3 h. Finally, the prepared sample was sonicated in

methanol for 30 min before 2–3 drops of the suspen-

sion were transformed onto a 3-mm diameter holey

carbon-coated copper grid. The solvent was allowed to

evaporate at room temperature before loading the

sample in a Hitachi H-7500 TEM. Then, with an

accelerating voltage of 80 kV and a beam current of

12 lA, the sample was irradiated by an electron beam.

The phase of the sample was identified by X-ray

diffraction (XRD) patterns, which was taken on a

Philip X0 pert X-ray diffractometer (Cu Ka,

V = 40 kV, I = 40 mA). Prior to the measurement,

the sample was ground thoroughly in an agate mortar.

Results and discussion

XRD pattern of the sample is shown in Fig. 1. As

demonstrated in Fig. 1, there exist four diffraction

peaks located at 2h = 38.1�, 44.3�, 64.5�, and 77.4�,

respectively. Compared with data from Powder

Diffraction File No. 04-0783, these peaks can be

assigned to the (111), (200), (220), and (311) planes

of face-centered cubic (fcc) phase of Ag (He et al.

2007). This result means that cubic Ag was prepared

by calcination method.

TEM was used to observe the morphologies of the

samples. TEM images of the sample prepared by

calcination method are shown in Fig. 2. In Fig. 2a, b,

there are many particles. These particles are quasi-

circular and the average size of them is approxi-

mately 2 lm. Moreover, most of these microparticles

aggregate together. Combined with XRD result, it is

believed that the component of these microparticles is

Ag. These microparticles are all Ag microparticles.

In Fig. 3a, there is a big quasi-circular Ag

microparticle in the center. The size of the big

quasi-circular particle is about 5 lm. This big Ag

microparticle was formed by melting some small Ag

microparticles under electron beam irradiation. When

the electron beam focused on some small Ag

microparticles (shown in Fig. 2), these small Ag

microparticles melted and merged with each other to

form a big Ag microparticle. In particular, irradiation

heated the small Ag microparticle by energy absorp-

tion. As a result, the big Ag microparticle was formed

under electron beam irradiation. The forming process

was so quick that TEM images of this process could

not be obtained.

With the increase of irradiation time (t, approxi-

mately 5 s after the electron beam focused on the big

Ag microparticle), the big Ag microparticle (shown

in Fig. 3a), formed by melting small Ag microparti-

cles, obtained excess energy. Then, it was bombarded

by the electron beam to produce a smaller Ag

microparticle and lots of Ag nanoparticles (shown in

Fig. 1 XRD pattern of Ag particles prepared by calcination

method
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Fig. 3b). If t is increased further (approximately

10 s), then the size of the big Ag microparticle

decreased further (about 3 lm in the center of

Fig. 3c). On the contrary, the number of the Ag

nanoparticles (on the top of Fig. 3c) increased

dramatically. Fortunately, the bombardment process

was observed under TEM (see Fig. 3a–c).

Figure 3d is a magnified image obtained from the

marked area of the Ag nanoparticles in Fig. 3c.

Higher magnification images of Fig. 3d are shown in

Fig. 3e, f. Parts d–f of Fig. 3 illustrate the morphol-

ogies of the prepared Ag nanoparticles. On an

analysis of the Fig. 3f, it can be seen that the

morphologies of these Ag nanoparticles are quasi-

Fig. 2 TEM images of Ag

microparticles prepared by

calcination method

Fig. 3 The bombardment process under TEM and TEM images of Ag nanoparticles
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circular, and their sizes are mainly in the range of 5–

60 nm. In addition, these Ag nanoparticles are

monodisperse.

In order to investigate the effect of t on size and

distribution of Ag nanoparticles, t was increased from

10 s to 20 s while the accelerating voltage (V) was

kept at 80 kV. Ag microparticle with the diameter of

about 3 lm is found in the center of Fig. 4a

(approximately 10 s after the electron beam was

focused on the big Ag microparticle). A lot of Ag

nanoparticles are found around it. Figure 4b is a

magnified image obtained from the marked area in

Fig. 4a. Similar to Fig. 3d, an analysis of Fig. 4b

reveals that the morphologies of these Ag nanopar-

ticles are quasi-circular, and their sizes are mainly in

the range of 5–60 nm. Moreover, these Ag nanopar-

ticles are also monodisperse.

In Fig. 4c, with the increase of t (approximately

20 s), the size of the Ag microparticle decreased

further (about 2 lm in the center of Fig. 4c).

However, the number of the Ag nanoparticles

increased dramatically. A magnified image obtained

from the marked area in Fig. 4c and shown in Fig. 4d

reveals that the morphologies of Ag nanoparticles are

still quasi-circular in shape and monodisperse. In

contrast with Fig. 4b, the sizes of Ag nanoparticles

have increased, which are mainly in the range of 10–

90 nm. Furthermore, the bigger Ag nanoparticles are

near the Ag microparticle. The smaller ones are

distributed in the outer region of Fig. 4c, far from the

Ag microparticle.

The forming process of Ag nanoparticles can be

explained by the nucleation-growth mechanism as

follows:

Fig. 4 TEM images of Ag nanoparticles prepared at different t
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4AgCl þ 2 Na2CO3 ����!
500�C; 3h

4 Ag small microparticlesð Þ
þ 4 NaCl þ 2 CO2 " þ O2 " ð1Þ

Ag some small microparticlesð Þ
�������������!electron beam irradiation

Ag a big microparticleð Þ ð2Þ

Ag the big microparticleð Þ
�����������������!further electron beam irradiation

Ag a smaller microparticleð Þ þ Ag nanoparticles

ð3Þ

In this study, Ag microparticles (shown in Fig. 2) were

first prepared by calcination method (step 1). When the

electron beam was focused on small Ag microparticles,

these small Ag microparticles melted and merged with

each other to form a big Ag microparticle (shown in

Fig. 3a) (step 2). With the increase of t (approximately

10 s), the big Ag microparticle obtained excess heat

energy and was bombarded to produce a smaller Ag

microparticle due to the continuous irradiation of the

focused electron beam. Simultaneously, the ‘‘missing’’

part of Ag microparticle (Ag droplets) would be

sputtered around the Ag microparticle (shown in

Figs. 3c, 4a). As the sputtering process was rapid and

the temperature of the ‘‘missing’’ part of Ag micro-

particle decreased quickly, the high degree of super-

saturation formed within a very short time, thus giving

rise to the high nucleation rates of Ag. As a result, these

Ag nuclei grew rapidly, and a lot of Ag nanoparticles

(5–60 nm, shown in Figs. 3c, 4a) were obtained (step

3). This procedure could be explained in terms of the

processes of nucleation and subsequent growth of Ag

nanoparticles (Ahn et al. 2006; Manuel et al. 2007).

If t is increased further (approximately 20 s), the

‘‘missing’’ part of Ag microparticle would continue to

be sputtered around the Ag microparticle (shown in

Fig. 4c). At this moment, many Ag nanoparticles (5–

60 nm, shown in Fig. 4b) would grow continuously

into bigger Ag nanoparticles leading to the sputtering

of the ‘‘missing’’ part of Ag microparticle. Thus, the

sizes of Ag nanoparticles increased, mainly in the

range of 10–90 nm (shown in Fig. 4d). On the other

hand, Ag nanoparticles near the Ag microparticle

would restrain the sputtering of the ‘‘missing’’ part of

Ag microparticle toward the outer region. As a result,

the sizes of Ag nanoparticles near the Ag microparticle

were bigger than the sizes of those far from it (shown in

Fig. 4c).

Conclusions

Ag nanoparticles (quasi-circular, 5–60 nm, and

monodisperse) can be obtained from Ag microparti-

cles under electron beam irradiation. The effect of t

on size and distribution of Ag nanoparticles was

discussed. It was found that, with the increase of t

(approximately 20 s), Ag nanoparticles were still in

quasi-circular shape and monodisperse. However, the

sizes of Ag nanoparticles increased (10–90 nm). In

addition, the bigger Ag nanoparticles were near the

Ag microparticle and the smaller ones were far from

it due to the restrained-sputtering effect. The effects

of V and beam current on size and distribution of Ag

nanoparticles also will be investigated in the future. It

is believed that, monodisperse Ag nanoparticles with

smaller size can be obtained using this approach by

optimizing these parameters. Further experimental

study to separate Ag nanoparticles from Ag micro-

particles in the presence of surfactant by centrifugal

separation method and to apply these Ag nanoparti-

cles as catalyst for the selective oxidation of styrene

and the reduction of aromatic nitrocompounds also

needs to be carried out.
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