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Abstract

2-Hydroxypropyl-b-cyclodextrin was used as a template to fabricate hollow spherical copper sulfide nanoparticle assemblies in the
presence of sonication. The as-prepared spheres were uniform in shape and have well-defined shells composed of one-layered CuS nano-
particles. The interaction between the Cu ions and HP-b-CD was confirmed by the FTIR. The effects of the sonication were studied and a
possible self-assembly mechanism was discussed.
� 2005 Elsevier B.V. All rights reserved.
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1. Introduction

In the past decades, accompanying with the rapid devel-
opment of the nanoscience and nanotechnology, scientists
have paid much attention to the syntheses and character-
izations of nanoscaled materials with one-dimensional
and two-dimensional structure, such as single crystalline
wires, rods, films, networks, and many three-dimensional
assemblies. These kinds of materials have showed excellent
physical and chemical properties different from the bulk
materials [1,2]. It is generally accepted that hollow nano-
structured materials provide good systems to investigate
the applications in photonic crystals, fillers, controlled
release capsules for drugs, artificial cells, dyes, cosmetics
and catalysts [3–5]. Additionally they are also expected to
play an important role as interconnects and functional
units in fabricating electronic, optoelectronic devices. It
was reported that some inorganic hollow spheres had been
prepared by different methods, involving the synthesis of
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intact inorganic shells around sacrificial templates [6–9]
and in situ templates [10,11].

Cyclodextrins (CDs), torus-shaped cyclic oligosaccha-
rides consisting of six or more 1,4-linked D-glucopyrannose
units, are one of the well-known supermolecular com-
pounds. The CD and most of modified CDs are cheap
and innocuous. They have been applied to fabricate some
new structured materials [13,14]. It was reported that the
modified CDs could form nanospheres by the aggregation
among the interaction of molecules [15]. However, the
using of modified CD as a template to prepare hollow
spherical materials has not been reported. 2-Hydroxypro-
pyl-b-cyclodextrin (2-HP-b-CD) is one kind of derivatives
of CDs and has been widely applied to design new pharmic
carrier system [12] because of its very good solubility in
water. Copper sulfides are interesting due to their ability
to form various stoichiometries. Their complex structure
and valence state result in some unique properties [16–
18]. CuS shows metallic conductivity and transforms at
1.6 K into a superconductor [19]. The wonderful photoelec-
tric properties of the copper sulfide can be used as the
quantum dots in photoelectron transformation devices [20].
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In the present work, we use high-intensity ultrasound
irradiation to induce the fabrication of copper sulfide hol-
low nanospheres in water solution containing Cu(CH3-
COO)2, thiourea and 2-HP-b-CD. Ultrasound is a high
frequency sound wave with high energy and the strong
shockwave generated from the collapsing bubbles can drive
the chemical reactions to construct novel structural materi-
als. Herein, 2-hydroxypropyl-b-cyclodextrin was used as a
template in the reaction. The interaction between the Cu
and 2-HP-b-CD has been confirmed by the FTIR. The
as-prepared products were characterized by X-ray powder
diffraction, transmission electron microscopy, and photolu-
minescence spectrum.
Fig. 1. XRD pattern of CuS hollow spheres obtained with 2-HP-b-CD
template.
2. Experimental section

In a typical procedure, 0.02 mol Cu(CH3COO)2,
0.02 mol thiourea and a certain quantity of 2-HP-b-CD
were introduced into 50 ml distilled water in a 100 ml
round-bottom flask. Then the clear mixture solution was
exposed to high-intensity ultrasound irradiation under
ambient air for 10 min. Ultrasound irradiation was accom-
plished with a high-intensity ultrasonic probe (Xinzhi,
China; 0.6 cm diameter; Ti horn, 20 kHz, 60 W/cm2)
immersed directly in the reaction solution. At the end of
the reaction, a great amount of black precipitates occurred.
The sonication was conducted without cooling so that a
temperature of about 330 K was reached at the end of
the reaction. After cooling to room temperature, the pre-
cipitates were centrifuged, washed with distilled water
and dried in air at room temperature.

The X-ray powder diffraction (XRD) patterns were
recorded on Shimadzu XD-3A X-ray diffractometer (Cu
Ka radiation, k = 0.15418 nm), employing a scanning rate
of 4�/min in the 2h range from 15� to 75�. TEM and SAED
images were recorded on a JEOL–JEM 200CX transmis-
sion electron microscope, using an accelerating voltage of
200 kV. The samples used for TEM observations were pre-
pared by dispersing some products in ethanol followed by
ultrasonic vibration for 5 min, then placing a drop of the
dispersion onto a copper grid coated with a layer of amor-
phous carbon. FTIR spectra were measured on a FTIR/
460 (JASCO, Japan) and transmission spectra of the sam-
ples were obtained by forming a thin transparent KBr pel-
let. A Shimadzu UV-3100 photospectrometer was used to
record the UV–Visible absorption spectra of the as-pre-
pared sample. Photoluminescence spectra were measured
on a RF-540 spectrophotometer (Shimadzu, Japan).
3. Results and discussion

Fig. 1 showed the XRD pattern of the as-prepared CuS,
which indicated that the products were consisted of pure
phase. All the diffraction peaks could be perfectly indexed
to the hexagonal CuS with lattice constants a = 3.796 Å
and c = 16.38 Å (JCPDS 78-0876). The average size of
the as-prepared CuS was estimated to be about 10 nm
according to the Debye–Scherrer formula.

Fig. 2 illuminated the morphology of the products in the
presence of different 2-HP-b-CD concentrations. Without
2-HP-b-CD, the prepared products were aggregation com-
posed of CuS nanoparticles. With 2 g 2-HP-b-CD adding
into the solution, the products were semi-hollow spherical
structures. However, these particles were irregular and
aggregated. When 4 g 2-HP-b-CD were added into the
solution, the product changed to be uniform CuS hollow
spheres with average size of 30 nm. When the quantity of
the 2-HP-b-CD was more than 4 g, it was found that with
the increase of the quantity the size of spheres grew larger.
Fig. 2(d) exhibited the hollow spheres obtained with 8 g
2-HP-b-CD in solution and the average diameters of the
spheres were 70 nm. The average thickness of the layer
was estimated to be about 10 nm, which well coincided
with the calculated size from XRD, suggesting that the
shell of the hollow sphere was constructed by a single-layer
particles.

After thorough washing, the products were investigated
with FTIR experiment and the spectra were shown in
Fig. 3. The transmittance band at 946 cm�1 (skeletal vibra-
tion involving a-1,4 linkage) and 756 cm�1 (ring �breathing�
vibration) indicated that the free 2-2-HP-b-CD has nearly
disappeared. The dramatically decrease and the shift of
peak position of transmittance band at 578 cm�1 (pyranose
ring vibration) and 707 cm�1 (pyranose ring vibration)
could be interpreted as the �fixed� nature of the 2-HP-b-
CDs that prevented the pyranose ring and skeletal vibra-
tion. The result indicated that there was strong interaction
between the hydroxyl and Cu ions, which made the CuS
attach the surface of 2-HP-b-CD molecules.

Fig. 4 showed the photoluminescence (PL) spectrum of
as-prepared CuS hollow nanospheres. The strong fluores-
cence relative intensity resulting from recombination of
electrons and holes in the surface states appeared at
364 nm, when the excitation wavelength is 256 nm [16].

In the self-assembly process, the 2-HP-b-CD was consid-
ered as the soft template and dispersant. The structure of
the 2-HP-b-CD, as shown in Scheme 1, determined its



Fig. 2. TEM images of CuS samples prepared under different conditions: (a) without 2-HP-b-CD; (b) 2 g 2-HP-b-CD; (c) 4 g 2-HP-b-CD; (d) 8 g 2-HP-b-
CD.
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Fig. 3. FTIR of (a) as-prepared CuS hollow spheres and (b) 2-HP-b-CD.
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Fig. 4. The PL spectrum of as-prepared CuS.
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performance in solution in the presence of sonication. The
hydroxyls on the two edges of the molecule would strongly
cooperate with heavy metal ions such as Cu, Pb and Cd.
The Cu ions would be absorbed by the 2-HP-b-CD to form
the Cu–HP-b-CD complex. When the mixture solution was
exposed under ultrasound, the 2-HP-b-CD molecules
would cross-link with each other through the hydroxyls
and hydroxypropyls. Due to the special structure of the
2-HP-b-CD, the cross-link of the particles inclined to form
the sphere-like structure. Obviously the higher concentra-
tion of 2-HP-b-CD led to bigger spheres. In this case, in
the initial stage, the Cu ions would be absorbed on 2-HP-
b-CD molecules to form a homogenous complex spheres.
As we illustrated in Scheme 1, the cup-like part of the 2-
HP-b-CD model would appear on the surface of the
spheres. Hence parts of the Cu ions would be exposed on
the surface of the spheres equably. In the presence of son-
ication, the S ions could be released slowly into the solution
and first reacted with the Cu ions on the surface of the
complex spheres giving rise to the CuS nuclei. Due to the
strong adsorption ability of 2-HP-b-CD, the nuclei could
also be adsorbed on their surface. With time increasing,
the nuclei would grow up until the particles become stable.
At the end of reaction, the process led to hollow spherical
structure with one-layer shell. The possible reaction process
of the formation of the CuS hollow nanospheres can be
described as follows:

Cu2þ þ nHP-b-CD! ½CuðHP-b-CDÞn�
2þ

NH2CSNH2 þH2OÞÞ�ÞÞ�ÞÞNH2CONH2 þH2S

½CuðHP-b-CDÞn�
2þ þH2S! CuSðHP-b-CDÞn þ 2Hþ

However, in the typical thermal process instead of ultra-
sound treatment, the products are mainly dispersed small
particles along with some spherical congregations. The
experiments proved that ultrasound played an important
role in the formation of hollow spherical structure. We also



Scheme 1. The possible mechanism for formation of hollow spherical assemblies.
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tried to carry out the experiment with b-CD as the tem-
plate. However, due to the weak solubility of b-CD and
lack of the connection among hydroxypropyl, the reaction
resulted in the formation of dispersed particles.

4. Conclusion

A sonochemical approach for the fabrication of hollow
spherical CuS assemblies has been successfully established.
In this reaction, we developed a new 2-HP-b-CD template
to direct the growth of the assemblies. As we have demon-
strated in this article, the effect of ultrasound on the 2-HP-
b-CD molecules directs the formation of the in situ
template, and the growth of CuS on the surface leads to
the formation of the final hollow spherical assemblies. This
method provides a mild, energy-efficient, and environment-
friendly approach to the synthesis of hollow spherical
assemblies. It promises to be useful in the fabrication of
other hollow assemblies composed of metal, alloy, oxide,
and similar nanoparticles. Further research will focus on
the formation of other materials with more uniform and
dispersed structure.
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