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Surface coating of nanoparticles with various materials to form
core-shell morphologies results in the formation of materials that
can be used for development of catalysts and optoelectronic
devicest™® The core-shell structures have also been used as
precursors to prepare hollow structures by the complete removal
of core materials through chemical etching or combusteib-2.10
and partial elimination of the core has enabled preparation of novel
nanostructures inside the sh&il2However, precise control of the
interior structure is very difficult.

We have recently reported the size-selective photoetching
technique as a means for preparing monodisperse CdS nanoparticles
in the size quantization regime by which the particle size is simply
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determined by the wavelength of monochromatic light and can be : ' e— '
controlled within the range of 3:51.7 nm by changing the 400 450 500 550 600
wavelength of irradiation light within the range of 48865 nm?13 Wavelength / nm

This technique is also applicable to core-size con?rol even after Figure 1. Diffuse reflectance spectra of silica-coated CdS nanoparticles
core-shell structures have been constructed, but this has not beenyrepared by irradiation with various wavelengths: original eateell

attempted. Here, we report the advantage of the size-selectiveparticles (a) and nanoparticles prepared by irradiation at (b) 514, (c) 488,
photoetching technique for precise modification of core size after (d) 458, and (e) 436 nm. Spectra were normalized at 400 nm. (Inset)
preparation of CdS core and silica shell structures. The resulting Schematic illustration of photoetching of a silica-coated CdS nanopatrticle.
particles have an adjustable void space inside the silica shell that
depends on the CdS core size.

CdS nanoparticles in inverse micelles were prepared by a method
similar to previously reported methodés!* A 1.3 cn® portion of
1.0 mol dnv2 aqueous Cd(Clg), solution or that of 1.0 mol dr?
aqueous Nz5 solution was added separately to 206 ofrheptane
solution containing 14 g of sodium di(2-ethylhexyl) sulfosuccinate
and 5.7 cr of water. After each of the solutions had been stirred
for 1 h, they were mixed together, resulting in the formation of
CdS nanoparticles in the inverse micelles. An additional 0.26 cm
portion of 1.0 mol dm? aqueous Cd(Clg), solution was added to
the solution, and the solution was stirred for another 1 h, and then
the solvent was removed by the vacuum evaporation. After
dissolution of the resulting solid in 400 értoluene, 1.1 mmol of
3-mercaptopropyltrimethoxysilane (MPTS) was added to modify
the CdS surface, and then the solution was stirred for several hours
Hydrolysis of the trimethoxysilyl group was performed by dropwise
addition of 400 cr of water to the refluxed solution of MPTS-
modified CdS solution, resulting in the precipitation of silica-coated
CdS nanoparticles. The obtained CdS easitica shell nanoparticles
were washed with methanol several times and vacuum-dried and
then were subjected to size-selective photoetching by using
monochromatic light with wavelengths of 514, 488, 458, and 436
nm13a Eighty milligrams of the obtained powder particles was
suspended in a 50 éoxygen-saturated aqueous solution containing

50 umol dnm 3 methyl viologen (M\?*) that acts as an electron
relay from CdS nanoparticles to oxygen molectigésnd was
irradiated with monochromatic light at various wavelengths.

FT-IR analyses of original particles revealed that an absorption
band assigned to-SH vibration at 2560 cm! observed for MPTS
was absent, but broad absorption bands due-t@SiSi vibrations
(ca. 1120, 1040, and 900 ci)!®> were developed, suggesting that
modification of C@* sites of CdS surface with MPTS was achieved
by Cd—SR bond formation and the hydrolysis of the trimethoxysilyl
group of MPTS formed StO—Si networks that composed the shell
structure. Figure 1 shows diffuse reflectance spectra of silica-coated
CdS nanoparticles before and after irradiation of monochromatic
light. Diffuse reflectance spectra of the original nanoparticles
exhibited an absorption onset around 550 nm, indicating that most
of CdS particles incorporated in the silica shells possessed an energy
‘gap similar to that of the bulk material. With monochromatic light
irradiation, the diffuse reflectance spectra of the resulting nano-
particles were blue-shifted. The absorption onset of each spectrum
agreed well with the wavelength of irradiation light used, suggesting
that the photocorrosion of CdS nanoparticles proceeded until the
nanoparticles could not absorb the light due to an increase in the
energy gap along with a decrease in the particle size (i.e., the size
quantization effect). These results indicated that size-selective
photoetching of silica-coated CdS nanoparticles can be successfully
performed and that the size of the resulting CdS nanoparticles is
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Figure 2. TEM images of typical silica-coated CdS nanoparticles. Original
nanoparticles (a, b), and those prepared by irradiation at 514 (c, d) and 458
nm (e, f). Schematic illustration of the structure of each nanoparticle is
also shown beside the corresponding TEM image. The bars in the pictures
represent a length of 2 nm.

irradiated to CdS nanoparticles modified with 2-mercaptoethane-
sulfonate or 2-mercaptoethanol that had no cross-linking between
the modifiers, the complete photocorrosion of CdS occurred without
exhibiting any blue-shift of absorption onset, that is, the photoetched

particles) (see Supporting Information). The original CdS core had
an average diameted) of 5.0 nm with standard deviatiow) of

0.79 nm. The irradiation caused disappearance of the large CdS
particles found in the original nanoparticles and induced the
formation of smaller CdS nanoparticles with a decrease in the
wavelength of irradiated light, where the irradiation at 514 and 458
nm produced the CdS nanoparticle wily, (o) of 3.7 (0.33) and

2.8 nm (0.21 nm), respectively. On the other hayd(o) of silica

shell estimated after irradiation at 514 and 458 nm were 5.1 (0.62)
and 5.2 nm (0.81 nm), respectively, being similar to or even a little
larger than that of the original CdS nanoparticle used as a core.
The differences between the average size of the photoetched CdS
nanoparticles and that of their silica shells were calculated to be
ca. 1.4 and 2.4 nm with the irradiation at 514 and 458 nm,
respectively, and might correspond to an average void space
available in the shells. These results indicated that the size-selective
photoetching technique could adjust the void space formed in the
core—shell structure by choosing the wavelength of irradiation light.
The regulation of void space will be useful for the purpose of
applications, such as catalytic reaction sites and fabrication of
metal-semiconductor nanojunctions. Work in this direction is
currently in progress.

Supporting Information Available: The size distributions of CdS
nanoparticle cores before and after irradiation and those of the silica
shell (PDF). This material is available free of charge via the Internet
at http://pubs.acs.org.
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form larger particles that were subjected to further photocorrosion.

Considering these facts, the results shown in Figure 1 suggest that
the silica shell surrounding a photoetched CdS nanoparticle prevents

the coalescence between nanoparticles.
Figure 2 shows typical high-resolution TEM images of silica-
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