
INTRODUCTION

Nanotechnology has been applied to the photooxidation

of pollutants in waste water1-7. Nanocomposites are used widely

for the photocatalytic splitting of water and the production of

hydrogen8-11. Electrons in the conduction band and holes in

the valence band are generated by the ultraviolet-visible light

irradiation12. These can recombine in the bulk or move to the

surface. Another key point factor that decreases the photo-

catalytic effect of nanocomposites is the high electron-hole

recombination rate determined by time resolved spectroscopic

studies10. The deposition of transition metal oxides or noble

metals on the surface of a nanomaterial reduces the rate of

electron-hole recombination because these deposits can

capture the electrons in the conduction band or holes in the

valence band12. This enhances the adsorption of the reactants

and catalyzes reactions at the interface by transferring the holes

or electrons to the adsorbed reactants12. The application of

ultrasound has attracted the attention by some research groups

as a synthetic process in chemistry because ultrasonic irradia-

tion can cause chemical reactions either in heterogeneous or

homogeneous systems13,14. The chemical reactions are promoted

by the cavitation of a liquid caused by traveling ultrasonic

waves. Here, cavitation suggests the formation of micro

bubbles in a liquid subjected to sonication, which implode

and generate high pressures and temperatures in their surroun-

dings13,14. These nanocomposite materials have potential

applications in a range of fields, such as surface-enhanced

photonic crystals15, catalysis16,17, optics18-23, biochemistry for

chemical sensors24 and antibacterial resources25. The distinctive
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optical properties of metal nanoparticles arise from the

collective oscillation of conduction electrons upon an interac-

tion with electromagnetic radiation i.e., localized surface

plasmon resonance (LSPR)26. The LSPR extinction spectrum

is quite sensitive to the size, shape and local refractive index

near the surface of the metal nanoparticles in addition to their

inter particle distances, which is the basis of using LSPR as

molecular sensing27,28. Most of nanostructures are made from

noble metals, such as those of silver and gold nanoparticles29-31.

These noble metal nanoparticles show an absorption band in

the visible region (at 380-750 nm) by their LSPR. Silver

nanoparticles show a plasmon resonance in the visible region

and find even wider applications than gold32. This is because

Ag is sensitive to the surrounding chemicals, causing oxidization

and significant degradation of its plasmonic properties. In addi-

tion, in solution, Ag nanoparticles aggregate due to van der

Waals forces33. To overcome these problems, Ag nanoparticles

require application-specific coatings to passive or fuse the

nanoparticle to the target molecules or surfaces34. The ideal

coating should have multifunctional ability, a simple way to

conjugate with the target molecules and the ability to adjust

its morphology to control the degree to which the encapsulated

nanoparticles interacts with its surrounding environment. Silica

is an admirable candidate for such a generalized platform coating

because it is chemically inert in a wide range of solvents,

greatly transparent in the visible and IR regions of the spectrum

and can be functionalized easily with silane coupling agents

for further bio conjugation35,36. The silica shells (core-shell

particles) not only improve the colloidal stability but also

control the distance between the core particles within the
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assemblies through the shell thickness37-39. In this paper, ultra-

sonic irradiation was used to synthesize silica-coated Ag

nanoparticles (Ag@SiO2) without an intermediate coating step.

In addition, the photocatalytic activity of the Ag@SiO2 nano-

composites in degrading organic dyes, such as methylene blue

(MB), methyl green (MG), methyl violet (MV), methyl orange

(MO) and rhodamine B (RhB) under visible light at 380-780

nm were investigated by ultraviolet-visible spectroscopy.

EXPERIMENTAL

Silver nitrate, ammonium hydroxide, tetraethyl ortho-

silicate, NaBH4 and ethanol were supplied by Samchun

Chemicals. The organic dyes (methylene blue, rhodamine B,

methyl violet, methyl orange, and methyl green) were purchased

from Sigma-Aldrich.

Silica nanoparticles, Ag nanoparticles and Ag-SiO2

nanocomposites were prepared by ultrasonic irradiation using

an ultrasonic generator (UGI1200, Hanil Ultrasonic Co., Ltd.)

with a frequency 20 kHz and a nominal power of 750 W. The

ultrasonic generator was a horn type system with a horn tip

diameter of 13 mm.

Ag-SiO2 nanocomposites were observed by scanning

electron microscopy (SEM, Hitachi S4700) at an accelerating

voltage of 0.5-15.0 kV. The morphology and crystallite size

of the samples were examined by transmission electron

microscopy (TEM, JEOL Ltd, JEM-2010) at an acceleration

voltage of 200 kV. The structure of the nanomaterials (SiO2

nanoparticles, Ag nanoparticles and Ag-SiO2 nanocomposites)

was examined by X-ray diffraction (XRD, Rigaku, Rigaku

DMAX PSPC MDG 2000). The UV-visible spectra of the

samples were observed using a UV-visible spectrophotometer

(Shimazu UV -1691PC).

Synthesis of Ag-SiO2 nanocomposites under ultrasonic

irradiation: 4 mL of tetraethyl orthosilicate mixed with 3 mL

of ammonium hydroxide in 50 mL of ethanol were exposed

to ultrasonic conditions for 0.5 h. After ultrasonic irradiation,

10 mg (170 mM) of AgNO3 and 1 mg (17 mM) of NaBH4

were added to the mixed solution under ultrasonic irradiation

for 1 h.

To obtain the Ag-SiO2 nanocomposites, the mixed solution

was centrifuged and the precipitated product was washed 4

times with mixed solvent (distilled water:ethanol = 1:1) and

dried for 6 h at room temperature.

Degradation of various organic dyes with Ag-SiO2

nanocomposites: The photocatalytic activities of the Ag-SiO2

nanocomposites were evaluated with various organic dyes,

such as methyl green, methylene blue, methyl violet, methyl

orange, and rhodamine B, using UV-visible spectrophotometer

under visible light at 380-780 nm. Before evaluating the photo-

catalytic activities of the photocatalysts, 0.01 mM of various

organic dyes were dissolved in 100 mL of water and a 10 mL

of the solution was placed into a vial and 10 mg of each photo-

catalyst was added separately to each these vials. The various

organic dyes degraded by the photocatalyst under visible light

at 380-780 nm were monitored by UV-visible spectrophotometer.

RESULTS AND DISCUSSION

Fig. 1 showed a SEM image of the Ag-SiO2 nanocom-

posites. The Ag-SiO2 nanocomposites contained Ag nanoparticles

on the SiO2 particle and the shape of Ag-SiO2 was a quasi-

sphere type. Fig. 2 showed a TEM image of Ag-SiO2

nanocomposites. The Ag nanoparticles located on the SiO2

surface were less than 5 nm in size. Fig. 3 showed XRD patterns

of the Ag-SiO2 nanocomposites. The peaks of the Ag-SiO2

nanocomposites in the XRD patterns were observed at

38.08º(111), 44.28º(200), 64.24º(220) and 77.41º as a 2θ (311).

Fig. 4 showed the UV-visible spectrum of the Ag-SiO2

nanocomposites. The peak in the UV-visible spectrum was

observed at 392 nm and was assigned to the surface plasmon

resonance of silver nanoparticles. Fig. 5 shows the UV-visible

spectra of the degraded organic dyes (methylene blue, methyl

green, methyl violet, methyl orange, and rhodamine B) with

Ag-SiO2 nanocomposites under visible light at 380-780 nm.

The Ag-SiO2 nanocomposites showed effective photocatalytic

activity in degrading the organic dyes (methylene blue,

methyl violet, methyl green). The photocatalytic effect of the

Ag-SiO2 nanocomposites was more effective on methylene

blue among the various organic dyes (methylene blue, methyl

violet, and methyl green, methyl organe and rhodamine B) in

the presence of visible light.

Fig. 1. SEM images of Ag-SiO2 nanocomposites

 Fig. 2. TEM images of Ag-SiO2 nanocomposites
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Fig. 3. XRD images of Ag-SiO2 nanocomposites
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Fig. 4. UV-visible spectra of Ag-SiO2 nanocomposites

Conclusion

This paper described the synthesis of Ag-SiO2 nanocom-

posites by ultrasonic irradiation. The properties of Ag-SiO2

nanocomposites were characterized by UV-visible, XRD, SEM

and TEM. The Ag-SiO2 nanocomposites used as a photocatalyst

to evaluate the photocatalytic activity in various organic dyes
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Fig. 5. UV-visible spectra of the degradation in (a) methylene blue, (b)

methyl violet, (c) methyl green, (d) methyl orange and (e) rhodamine

B with Ag-SiO2 nanocomposites under visible-light at 380-780 nm

 under visible ranges at 380-780 nm. UV-visible spectrophoto-

meter was used to measure the concentration of organic dyes

degraded by the photocatalyst and visible light. The Ag-SiO2

nanocomposites as a photocatalyst were applied to the degra-
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dation of various organic dyes, such as methyl green, methylene

blue, methyl violet, methyl orange, and rhodamine B, under

visible-light. Further studies of these nanomaterials as a photo-

catalyst for the decontamination of wastewater are currently

underway.
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