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Novel Fabrication of CdS Hollow Spheres Induced by Self-assembled Process
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Micro-size CdS spheres of hollow shape were fabricated through the self-assembly of high density arrow-like
nanorods. The synthesis of the CdS hollow spheres were accomplished in an aqueous solution of cadqﬂum nitrate
and triblock copolymer (Pluronic P123) at low temperature (80 “C) through the slow release of S lons from
thioacetamide. Morphology of the fabricated CdS hollow spheres was characterized by X-ray diffraction (XRD),
field-emission scanning electron microscopy (FE-SEM), and transmussion electron microscopy (TEM). The results
indicate that the arrow-like CdS nanorods are simultaneously grown and attached each other to form the building
units that become the spheres with hollow inside as a self-assembled process. The CdS spheres have a diameter of
2~3 um and consist of the nanorods with a length of ~800 nm1. The nanocrystal building blocks have a hexagonal

CdS structure.
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Introduction

Over the past decade. the svnthesis of inorganic nanocryvstals
has attracted much interest because of their potential appli-
cations in the design of new materials and devices in various
fields of catalysis, medicine. electromnics, and cosmetics. efc. 4
In addition. the morphology and functionality controls of
nanostructured materials have attracted much attention in
recent years for the generation of specific properties (optical.
electrical. mechanical. chemical. efc).” Therefore. well-
controlled svnthetic methods and the understanding of the
mechanisms of these various properties which strongly corre-
lates to the sizes and shapes of the nanomaterials have become
important issues in nanoscience.

Among the distinct geometric structures of inorganic
materials, the hollow sphere (with dimensions ranging from
nanometer to micrometer) has become an important class of
materials that are potentially useful for a wide range of appli-
cations such as delivery vesicle systems. photonic crystals.
fillers. and catalysts. M Until now. a variety of hollow nano-
materials comprised of metals. ceramics. polymers. or com-
posites have been fabricated. The majority of reported hollow
nanomaterials have been made with template-assisted pro-
cesses that involve either organized reaction fields. such as
emulsion vesicles.'*'® emulsion droplets. and bicontinuous
microemulsions.' " or overlay of colloidal particles. such as
silica or latex polvmer spheres.:"":l However. these methods
are somewhat labor-intensive that require multiple steps in a
sequential manner and. also. the homogeneity of resulting
morphology is difficult to maintain due to the soft organic
reaction field. Therefore. the strategies involving facile fabri-
cation methods, including the controlled organization of
primary building units into curved hollow structures. are new
challenges to the synthesis of inorganic hollow materials.

In this study. we report a simple “one-pot” approach to svn-

thesize CdS hollow microspheres using a triblock copoly mer
(Pluronic P123) as a structure-guiding reagent at low
temperature (80 °C). It is suggested that the formation of the
arrow-like nanorod simultaneously leads the formation of the
hollow CdS sphere as a self-assembled process.

Experimental

Various nanostnictures of star-like and spherical CdS micro-
spheres have recently been introduced using the lyotropic
triblock copol_\-'mer.9 In this study. the nonionic surfactant
triblock copolymer (Pluronic P123. EQ~PO:EQ-:) was
utilized as a structure-guiding reagent for the preparation of
the CdS hollow microspheres in aqueous solution. 5.0 g
Pluronic P123 (Aldrich) and 1 mL of 15 M nitric acid were
dissolved in 80 mL distilled water under vigorous stimring
condition at 80 °C. After the mixture was dissolved completely,
10 mL aqueous solution of 0.08 M Cd(NO;)--4H-O (Kanto
Chemical) was added to the solution. The mixture was kept at
80 °C for 250 h for the formation of hollow microspheres.
After the aging time of 250 h. 5 mL aqueous solution of 0.32
M thioacetamide (TAA. ACROS) was added to the triblock
copolymer solution and homogeneously mixed. This mixture
was maintained for 10 h at 80 °C without agitation, which
gradually yielded a pale yellow solution that changed to deep
vellow precipitation in the bottom of the reaction flask. The
temperature was maintained at 80 £ 1 “C during all reactions.
After cooling to room temperature, the vellow precipitate was
washed through centrifugation-redispersion cycles. During
the cycles, each successive supernatant was decanted and
replaced with deionized water and ethanol.

The powder that precipitated from the reactions was
subjected to the measurements of field-emission scanning
electron microscopy (FE-SEM. JEQL JSM-6700F). trans-
nussion electron microscopy (TEM, JEOL JEM-2000EXIID),
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and powder X-ray diffraction (XRD. BRUKER D8 Advance).
Absorption and cmission spectra were obtamed from a diffusc
reflectance UV-Vis spectrophotometer (Jasco V-330) cquipped
with an intcgrating sphere (Jasco 1SV-469) and spectrofluoro-
meter (Hitachi, F-4300). respectively.

Results and Discussion

Figure | illustrates the formation of the hollow CdS micro-
spheres. The uniform amrow-like CdS nanorods were grown in
an aqueous solution using the amphiphilic triblock copolymer
as a stmcture-dirceting reagent as sumlarly with the previous
reports.” ™ The grown CdS nanorods, as a building unit, were
sponiancoushy scll-assembled to form the hollow spheres. As
indicated, the CdS spheres have a hollow, dandchon-like mor-
phology that consists of numerous onc~dimensional nanorods.
The diameter of these nanorods 1s approximately 110 nm with
caps of 170 nm m diamcter. The Iength of a single nanorod 1s
in the range of 60{) - 800 nm, depending on the synthesis condi-
tions. These CdS nanorods arc aligned perpendicular to the
spherical surface and point toward a common center around a
hollow cavity (Fig. l¢). The thickness of the shell wall is cqual
to the nanorod Iength.

The XRD pattern of the prepared hollow CdS spheres is
shown in Figure 2a. All the diffraction peaks can be indexed
as purc hexagonal wurtzile CdS with coll paramcters a=4.136
Aand b=6.713 A. which arc consistent with the values in the
standard card (JCPDS card number 4 1-1049). No impuritics
can be detected in this paltern, indicating that high purity CdS
spheres are obtained under these experimental conditions.
The strong intensity of the ((02) peak likely implics the orienla-
tional growth of |001] dircction in the CdS crystals. Encrgy-
dispersive spectrum (LDS) analysis of the CdS microspheres
indicates that the molar ratio of Cd:S 1s 1.02:1.00 similar to
that of the stoichiomectric composition (Fig. 2b). The Cu and C

Figure 1. SEM images ol hollow CdS microspheres: (a) A single
component o} the arrow-like CdS nanored, (b-¢ ) the partially broken
shapes ol the hollow CdS microspheres. and (d) a completed shape
of the hollow CdS microsphere.
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peaks n the EDS spectrum arc expecied to result from a
carbon-coated copper TEM grid.

A tyvpical SEM image (Fig. 3) of the hollow CdS spheres
shows that the product consists of a largc quantity of spheres.
Under the given experimental conditions. most of the CdS
spheres have the same morphology with a diameter ranging
from 2 to 3 pm.

CdS nanorods disasscmbled from the CdS microsphere
undcr vltrasomc condition arc shown m the TEM mmage of
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Figure 2. (a) XRD pattern and (b) EDS speetrum of hollow CdS
spheres prepared by selt-assembly.

Figure 3. Large scale SI'M mage ol hollow CdS microspheres.
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Figure 4. (a) TEM image and (b) IIRTEM image ot diasscmbled CdS
nanorods after ultrasomeation with hollow CdS spheres. The upper
left inset in (a) corresponds to the SAFE]Y pattern of an arrow-like
CdS nanorod.
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Figure 5. Absorption and emission spectra ot hollow CdS spheres at
room temperature. The absorption spectrum is obtained by applying
the Kubelka-Munk function to the diftuse retlectance spectrum. The
excitation wavelength 1s 320 nm tor the emission spectrum.

Figure 4a. which also have the arrow-like end points. The
sclected arca clectron diffraction (SAED) pattern inserted into
Figurc 4a shows that the nanorods can be indexed as a single
crystalline hexagonal CdS thal is in agreement with the XRD
result. Figure 4b shows a tvpical high-resolution transmission
clectron microscopy (HRTEM) image of the nanorod shown
inFigure 4a. The image clcarly reveals that only the fringes of
the (002) lattice planes with a lattice spacing of approximately
0.34 nm can be cbserved. indicating that the constitutional
CdS nanorod is a single crystal with a growih dircction of
[001] along the ¢ axis of the nanorods.

UV-Vis absorption and PL spectra of the hollow CdS spheres
are presented in Figure 5. The absorption spectrum indicates
that the band-gap transition occurs at ~530 nm. The hollow
CdS spheres vicld a slightly bluc-shificd absorption spectrum
compared with that of the bulk spherical CdS band-gap
transition at ~350 nm.” Such a spectral shift is expected to be
due to the quantum effect although it is not as significant as
thosc of other small CdS nanoparticles since the domain of the
nanorods in the synthesized CdS sphere is much larger than
the exciton Bohr diameter (48 A) of €dS.” Room-tem-
perature PL spectrum of the hollow CdS spheres exhibits a
broad cmission pcak centered around 554 nm. The observed
cmission spectrum is located ncar the absorption edge. which
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onginales from the direct exciton recombination and/or shallow
and deep trapped exciton recombination as expected.”™

Conclusions

Conclusivelv. micrometer-sized hollow CdS spheres of
uniform size. which consist of artow-like CdS nanorods. were
successfully prepared using the triblock copolymer as a
structure-guiding reagent at low temperature (80 “C). The
hollow CdS microspheres consist of arrow-like CdS nanorods
with single-cry stalline hexagonal phasc. The cxperimental
obscrvation suggests that the formation of (he arrow-like CdS
nanorod simultaneously leads to form the hollow CdS sphere
as a sclf-asscmbled process. [t is belicved (hat such sclf-assembl-
ing phenomena could be applied for other chalcogenide
scmiconductors 1o induce the diffcrent morphologics.
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