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Abstract : PVP-protected Ag, Pd and Pt50-Ru50 colloids were prepared independently by using γ-irradiation and

electron beam (EB) at ambient temperature. UV-visible spectra of these colloids show the characteristic bands

of surface resonance and give evidence for the formation of nanoparticles. Transmission electron microscopy

(TEM) experiments were used to know the morphology of nanoparticles prepared by γ-irradiation and EB. The

size of Ag, Pd, and Pt50-Ru50 nanoparticles prepared by γ-irradiation was ca. 13, 2-3, 15 nm, respectively. While,

the size of Ag, Pd, and Pt50-Ru50 nanoparticles prepared by EB was ca. 10, 6, and 1-3 nm, respectively. Cyclic

voltamograms (CV) were recorded for the Au electrodes immobilized with these nanoparticles. CVs indicated

the modifications in the surface as a result of immobilization.
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1. Introduction

Metal nanoparticles have attracted considerable

attention recently because of their interesting physi-

cal/chemical properties and their potential applica-

tions.1-8 Nanoparticles consist of several tens or

hundreds of metal atoms. As a result of reduction in

particle size and number of metal atoms, nanoparti-

cle shows quantum size effect and other interesting

properties. The size limitation introduces high pop-

ulation of atoms on the surface. Some of the most

important properties are: the lower effective Debye

temperature,9 the increased solid-solid transition

pressure,10 the higher self diffusion coefficient,11

the higher thermal diffusivity,12 and a variety of

optical dispersion and nonlinear effects.13 It is also

attracting the possibility to control the properties of

these materials by changing their shape, size and

distribution.14 Hence, it is very important to have

the possibility to develop and optimize preparation

techniques that can control these parameters. Vari-

eties of media have been tried in order to both con-

trol the nanoparticle sizes and to offer stabilizing

effect avoiding aggregation phenomenon.
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Nanoparticles have been prepared by chemical and

physical methods giving the possibilities to control

the microstructures. Few studies have been focused

on the preparation of metal nanoparticles using UV

and γ-irradiation.15,16 We have reported the prepara-

tion of Ag nanoparticles in aqueous solution by

using γ-irradiation.6,7

Electron beam irradiation can reduce noble metal

ions to prepare metal nanoparticles. This can also be

considered as a simple and clean reducing. These

methods have many advantages for preparation of

metal nanoparticles. For example, they are no reduc-

ing reagents, and a large number of metal nuclei are

produced homogeneously and instantly. However, a

little has been reported the preparation of the metal-

lic colloids by using electron beam.

Water-soluble homopolymers such as poly(N-

vinyl-2-pyrrolidone) (PVP) have been widely used

as protective matrix for noble metal colloids in

organic solvents.17 The nano-scale colloidal metal

particles protected by polymers not only exhibit

intriguing properties due to their size effect but also

provide the additional option of influencing the

properties. Recently, well dispersed Prussian blue

nanoparticles protected by PVP have been prepared

by mixing aqueous Fe2+, [Fe(CN)6]
3−, and PVP solu-

tions together.18 It is noteworthy that the PVP-pro-

tected those nanoparticles show an increased solubility

in a variety of organic solvents.

In this study, PVP-protected Ag, Pd and Pt-Ru

nanoparticles were prepared by using γ-irradiation

and EB in aqueous solution at ambient temperature.

The obtained nanoparticles were analyzed by using

UV-visible spectroscopy, transmittance electron

microscopy (TEM) to compare physical properties

of nanoparticles. Furthermore, the electrochemical

properties of precious metallic nanoparticles were

examined by using cyclic voltammetry.

2. Experimental

2.1. Materials

H2PtCl6·xH2O (37.5% Pt), RuCl3·xH2O (41.0% Ru),

and PdNO3 were analytical reagent grade and supplied

by Aldrich-Sigma Co. AgNO3 was purchased from

Kojima Chemicals Co., Ltd. (Japan). PVP (MW. av.

10,000) was obtained from Tokyo Kasi (Japan).

Other chemicals of reagent grade were also used.

2.2. Preparation of PVP-stabilized Ag, Pd

and Pt-Ru colloids by γ-irradiation and electron
beam

Ag colloids (9.0 × 10−3 M of the precursor) were

prepared as follows: A mixture solution was prepared

having AgNO3 (0.31 g), 2-propanol (12 mL) as a

radical scavenger, and PVP (2.0 g) as a colloidal sta-

bilizer in distilled water (188 mL). Nitrogen gas was

purged for 30 min. to remove the dissolved oxygen.

The mixture solution was then irradiated by Co-60 γ-
ray source or electron beam.

Pd colloids (9.0 × 10−4 M of the precursor) were

prepared in a similar procedure to the Ag colloids.

The mixture solution contained PdNO3 (0.04 g), 2-

propanol (12 mL) as a radical scavenger, and PVP

(2.0 g) as a colloidal stabilizer in distilled water (188

mL) in this case. 

PVP-protected Pt50-Ru50 alloy colloids were pre-

pared by keeping H2PtCl6·xH2O (0.02 g) and RuCl3·

xH2O (0.02 g) in the solution prepared by dissolving

2.0 g of PVP in 188 mL of deionzed water. On irra-

diation, dark brown-colored colloidal dispersions of

precious metals were obtained.

2.3. Measurements

Absorption spectra of the PVP-stabilized Ag, Pd,

and Pt50-Ru50 colloids were recorded with UV-240

Shimadzu UV-VIS spectrophotometer using quartz

cells. Transmission Electron Microscopy photographs

of the samples were recorded using Energy Filtered

Transmission Electron Microscope (EF-TEM, EM

912 Omega, Carl Zeiss, Germany) installed at Korea

Basic Science Institute, Korea.

Cyclic voltammogram (CV) of the colloids were

recorded using a 283 Potentiostat/Galvanostate

(Princeton Applied Research, France). Platinum

wire was used as a  outer electrode. Silver/silver

chloride and gold foil were used as reference as

working electrodes, respectively. 0.5M H2SO4 was
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used as the electrolyte. A scan rate of 50 mV/sec was

used. Electrochemical measurements were recorded

after expulsion of dissolved oxygen from the colloidal

solutions. 

3. Results and Discussion

High energy irradiations like γ-irradiation can

reduce the metal ions through generation of active

species from the solvent or any other additive sub-

stances. This approach has been used for the prepara-

tion of few of the variety of metal nanoparticles.15,16,19

In our experimental approach, the use of γ-irradiation

or EB can effectively produce such active species,

hydrated electron from water that was used as the

medium.

Briefly, the mechanism of formation of Ag nano-

particles using γ-irradiation or EB is given here. In

aqueous solution, hydrated electrons could be gener-

ated during γ-irradiation (Equation 1).

 
H2O → eaq

−, H3O
+, H·, H2, OH·, H2O2 (1)

Reduction of silver ions with hydrated electrons

could result formation of Ag colloids: 

eaq
− + Ag+ → Ag0 (2)

nAg0 → Ag2 → Agn → Agagg (3)

where n is the number of the aggregation of a few

units and Agagg is the aggregate in the final stable

state. Likewise, Pd and Pt50-Ru50 nanoparticles col-

loids were formed by employing γ-radiation or EB.

Fig. 1 shows the TEM images and absorption spec-

tra of PVP-protected Ag colloids prepared by employ-

ing γ-irradiation at room temperature. Spherical-

type Ag particles of the size of 13 nm were formed

with a narrow size distribution in aqueous solution at

room temperature. Concurrently, UV-visible spec-

trum of Ag colloids have characteristic surface plas-

mon peak at 407 nm due to particles size.20-22 The

presence of silver (0) in solution is represented by a

broad and strong absorbance peak whose maximum

occurs around 410 nm. The optical absorption and

scattering of metal particles are due to the excitation

of surface plasmons of small metal particles by an

external oscillating electric field. When the particle

size is small enough compared with the wavelength

of light, their optical spectra are predominantly attrib-

uted to light absorption by dipole polarization of par-

ticles.23 For bulk metals these resonant wavelengths

are usually located in the IR portion of the spectrum.

For the nanoparticles, the gap between the excitation

bands is widened. A widened gap will absorb a pho-

ton of a higher energy level (visible spectrum). It is

important to note that before solution before expos-

ing did not show this characteristic peak (Fig. 1).

Characterization of Ag colloids prepared by γ-irradi-

ation are in accordance with earlier reports.5-7,16

Fig. 2 shows the TEM image and absorption spec-

trum of Pd nanoparticles prepared by γ-irradiation.

PVP-protected Pd nanoparticles were found to be

Fig. 1. TEM image (a) and UV-VIS spectra (b) of PVP-protected Ag nanoparticles prepared by γ-irradiation.
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amorphous-type nanoparticles (Fig. 2). Smaller nano-

particles were found to be aggregated into second-

ary particles. Sizes of the Pd nanoparticles were esti-

mated in the range of 2-3 nm. Absorption spectrum

of Pd colloids (Fig. 2) showed the weak surface plas-

mon peak around 400 nm.24,25 An increase in the

intensity at the shorter wavelengths (nm) was taken

as due to the broad distribution of nanoparticles

size.26

Fig. 3 shows TEM images and absorption spec-

trum of the PVP-stabilized Pt50-Ru50 nanoparticles.

A 50% weight ratio of metal ions-to-PVP was main-

tained. TEM pictures indicated that the nanoparticle

was aggregated into secondary particles (Fig. 2). It is

presumed that smaller nanoparticles formed at the

initial stages of irradiation might be aggregated into

secondary particles, at the later stages. A distinct

decrease in the intensity of the absorption peak 260

nm was observed. The peak at 260 nm may be taken

as due to the probable complexation between the

metal ions and PVP. The obvious decrease in the

intensity of peak that represents complexation indi-

cated that nanoparticles were generated through the

reduction of metal ions from the complexed state. 

Use of EB irradiation also resulted nanoparticles

colloids but with differences in size distributions.

Fig. 4 shows the TEM images and absorption spec-

tra of PVP-protected Ag colloids prepared by using

EB. TEM picture informs that spherical-type Ag par-

ticles of the size of 10 nm were formed with a nar-

row size distribution were produced in aqueous

solution at room temperature by simultaneously than

noticed with γ-irradiation. The size of Ag nanoparti-

cles was smaller with EB than by γ-irradiation (see,

Fig. 1). Otherwise, EB permeates more than γ-irradi-

ation and disperses the nanoparticles. UV-visible

Fig. 2. TEM image (a) and UV-VIS spectra (b) of PVP-protected Pd nanoparticles prepared by γ-irradiation.

Fig. 3. TEM image (a) and UV-VIS spectra (b) of PVP-protected Pt50-Ru50 alloy nanoparticles prepared γ-irradiation.
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spectrum of the of Ag colloids showed the surface

plasmon peak20-22 at 407 nm (Fig. 4) as noticed simi-

lar with γ-irradiation (Fig. 1). 

Fig. 5 shows the TEM images and absorption

spectra of Pd nanoparticles prepared by EB. Spheri-

cal-type nanoparticles with an average size of 6 nm

were formed (Fig. 5). The existence of weak surface

plasmon peak at 260 nm indicated a narrow distribu-

tion of nanoparticles sizes.26 

Pt-Ru catalysts prepared by chemical reduction

were proved to be highly active catalysts for the

direct methanol fuel cell.27-29 We are reporting here

the preparation of Pt-Ru alloy nanoparticles colloids

by using EB. It is pertinent to note that we have not

used any additional reducing agents that are

expected to lower the efficiency of Pt-Ru catalysts

through poisoning with the side products.

Fig. 6 shows TEM images and absorption spectra

of the PVP-stabilized Pt50-Ru50 nanoparticles pre-

pared by EB. The size of Pt50-Ru50 nanoparticles

were in the range of 1-3 nm (Fig. 6). The features of

the absorption spectrum of Pt50-Ru50 colloids pre-

pared by EB are similar to colloids prepared by γ-
irradiation.

Electrochemical behavior of precious metallic

nanoparticles on the Au electrode surface was moni-

tored through cyclic voltammetry. Cyclic voltammo-

grams (CVs) were collected at room temperature by

configuring a micro-cell with a three-electrode assem-

bly in 0.5M H2SO4 and cycling the potential between

Fig. 4. TEM image (a) and UV-VIS spectra (b) of PVP-protected Ag nanoparticles prepared by electron beam.

Fig. 5. TEM image (a) and UV-VIS spectra (b) of PVP-protected Pd nanoparticles prepared by electron beam.
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Fig. 6. TEM image (a) and UV-VIS spectra (b) of PVP-protected Pt50-Ru50 nanoparticles prepared by electron beam.

Fig. 7. CV curves of Au electrode in 0.5M H2SO4 with Ag nanoparticles prepared by γ-irradiation (a) and prepared by e-
beam (b).
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0 and +1.5V (vs. Ag | AgCl). s 7 shows the CVs of

Au electrode in 0.5M H2SO4 with a sequential addi-

tion of Ag nanoparticles colloids prepared by γ-irra-

diation (a) and (b) prepared by EB. CVs were

analyzed by the integration of the cathodic peak, (2)

and (3) that represent the formation of superficial

AuO and indicative of the surface area of the Au

electrode (Fig. 7).30,31 The modifications in the sur-

face area of the Au electrode as a result of occlusion

of Ag colloids can be witnessed from the new peak,

(1), due to immobilization of Ag nanoparticles onto

Au surface. The pattern of CV curves for the Ag col-

loids loaded Au electrodes, recorded with Ag col-

loids prepared by γ-radiation (Fig. 7a), were apparently

similar to the CVs recorded with the Ag colloids pre-

pared by EB (Fig. 7b). However, there are subtle dif-

ferences in the surface areas, probably due to the

differences in the size of the nanoparticles.

CVs of Au electrode recorded with the different

loading of Pd nanoparticles prepared by γ-irradiation

(a) and prepared by e-beam (b) are presented (Fig.

8). The peak at 1.1 V represents the immobilization

of nanoparticles while using Pd nanoparticles pre-

pared by γ-irradiation Fig. 8 (a). On the contrary,

when Pd nanoparticles prepared by EB was used for

modifying the Au electrode, the immobilization of

Fig. 8. CV curves of Au electrode in 0.5M H2SO4 with Pd nanoparticles prepared by γ-irradiation (a) and prepared by e-beam (b).
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Pd nanoparticles resulted two peaks around 0.9-1.2V.

This interesting phenomenon clearly support that Pd

nanoparticles with differential particle size were

immobilized onto the Au electrode. 

CV curves of Au electrode that show the immobi-

lization of Pt50-Ru50 nanoparticles prepared by γ-irra-

diation (a) and prepared by e-beam (b), are presented

in Fig. 9. Peak (4) in Fig. 9(a) and Fig. 9(b) can be

taken as representative of the immobilization of Pt50-

Ru50 nanoparticles into Au electrode surface. Clearly,

there are subtle changes in the surface modification

in these two cases. The differences in the size distri-

butions between the nanoparticles colloids prepared

with γ-irradiation and EB manifest the differences in

the surface modifications, as evident from the CVs

(Fig. 9). 

4. Conclusions 

PVP-protected Ag, Pd and Pt50-Ru50 colloids were

prepared without adding any specific reducing agent

by γ-irradiation and electron beam at ambient tem-

perature. The size of Ag, Pd, and Pt50-Ru50 nanopar-

ticles prepared electron beam irradiation were

comparatively lesser than the respective nanoparti-

cles prepared by γ-irradiation. The size distributions

Fig. 9. CV curves of Au electrode in 0.5M H2SO4 with Pt50-Ru50 nanoparticles prepared by γ-irradiation (a) and prepared
by e-beam (b).
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were also different. These nanoparticles could be

immobilized onto Au surface to result modified elec-

trodes. These nanoparticles cover the Au surface to

different extent depending on the distribution and

size of the nanoparticles. The modified electrodes

are expected to find applications as electro catalysts.
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