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Synthesis of brush-like CdS nanorod arrays
through a novel hydrothermal reaction of simultaneous
solvent-oxidation-hydrolysis

YUN CHENY, QING-SHENG WU*t and YA-PING DING}

tDepartment of Chemistry, Tongji University, Shanghai 200092, China
iDepartment of Chemistry, Shanghai University, Shanghai 200444, China

(Received January 2007; in final form July 2007)

Brush-like CdS arrays composed of well-arranged nanorods have been successfully synthesized
for the first time through a novel chemical reaction under the low-temperature hydrothermal
condition. The reaction can be described as the solvent-oxidation-hydrolysis reaction among
Cd, H,O and thiourea. The products were characterized by X-ray powder diffraction (XRD),
transmission electron microscopy (TEM) and photoluminescence (PL). TEM results showed
that these nanorods were about 20 nm wide with lengths varying from 1.25 pm to 3.5 pm. XRD
pattern indicated that as-obtained CdS was hexagonal phase with good crystallinity.
PL spectrum showed the products had novel optical property from the bulk counterpart.
The formation mechanism was also explored.

Keywords: CdS; Nanorod array; Hydrothermal; Solvent-oxidation-hydrolysis reaction

1. Introduction

Over the past few years, shape control of nanomaterials has raised significant concerns
in the preparation of one-dimensional (1D) nanomaterials such as nanorods,
nanowires, nanotubes and nanobelts because they are expected to play an important
role in fabricating nanodevices with novel electrical, magnetic and optical properties
[1-4] etc. Much research has been done on CdS 1D nanomaterials because of its good
catalytic performances and excellent nonlinear optical properties [5—6]. Many methods
have been developed to synthesize 1D CdS nanostructured materials such as
solvothermal route, DC electrode position, precipitation in micelles solution, thermal
decomposition, sonochemical synthesis [7-12], etc. In these methods, reactions
used include the direct redox reaction of Cd metal with S powders under high
temperature, the direct or indirect precipitation of metal ions with Na,S or some other
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sources of S*~ ions, and the thermal decomposition of molecular precursors containing
M-S bonds, etc. Though there have been some reports of nanoarrays [13—14], the
preparation of 1D nanorods arrays has never been reported.

Herein, we develop a novel kind of reaction based on a redox reaction of Cd metal
with H»,O in the presence of thiourea to produce brush-like arrays of CdS nanorods.

2. Experimental

2.1. Reagents and equipments

Cadmium powder and thioureca (NH,CSNH,) used in this work were A.R. reagents
purchased from Shanghai Chemical Reagent Factory, China. And these reagents were
used without any pretreatment.

The transmission electron microscope (TEM) images and selected area electron
diffraction (SAED) were acquired on a Hitachi H-800 transmission electron microscope
(TEM) operated at 200kV. X-ray powder diffraction (XRD) pattern was measured on
Philips PW1700 X-ray diffractometer with Cu K« radiation (A= 1.54181&). Room
temperature photoluminescence (PL) spectrum was obtained on Perkin-Elmer LS-55
luminescence spectrophotometer.

2.2. Synthesis of CdS nanorod arrays

1.1240 g (0.01 mol) Cd powder and 1.5224 g (0.02 mol) thiourea (NH,CSNH,) were put
into a PTFE-lined autoclave of 40 ml capacity. Then the autoclave was filled with 25 ml
of deionized water, N, was passed to eliminate oxygen inside the solution.
The autoclave was sealed and heated at 180°C for 60 h, and was let to cool to room
temperature naturally. The products were collected by filtration, washed with deionized
water and absolute ethanol. An orange-yellow powder was obtained and was preserved
in absolute ethanol for about two weeks for further characterization.

3. Results and discussions

3.1. Morphology and structure

TEM and ED pictures are shown in figure 1. Figure la shows that the sample is array
composed of well-arranged nanorods. These rods have width of about 20nm and
lengths varying from 1.25pm to 3.5um. Figure 1b is the magnified image of a
certain part in figure la as shown in the picture. There are homogeneous nanorods with
thin-ends. The electron diffraction (ED) pattern indicates that the products are single
crystals. And it can be deduced from the ED pattern that the crystal is primitive
hexagonal. The brighter spots have reciprocal poles which indicate that the products
have orientational growth. Usually, nanoarray materials were synthesized through
physical method or in the inducement of hard templates such as Al,O3, Si templates.
The work in this paper successfully synthesized nanoarrays without any hard templates
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 magnify

Figure . TEM image of thin-ends CdS nanorods array.

through facile chemical method. And the products can be used in preparing
semiconductor nanodevices.

XRD pattern of as-prepared CdS array is given in figure 2. The pattern shows that
the products are well-crystallized pure hexagonal greenockite phase with a calculated
lattice parameter of a=4.138 A, c=6.725A, very close to the reported data (JCPDS
6-0314). The unusually high peak of [100] shows that the sample has a preferential
orientation in crystal face. And this is consistent with what shows in TEM picture.

3.2. Optical properties

Photoluminescence emission spectrum is shown in figure 3. The spectrum shows two
widen peaks with the emission maximum at 545 nm and another at A, =485 nm when
excitation wavelength is 365 nm. It indicates that the as-obtained nanorod arrays have
different optical properties from the bulk counterpart. Furthermore, these two emission
peaks are both in visible area, thus the products can be used in fabricating green light
emitting nanodevices.

3.3. Mechanism of formation

In this reaction, H>,O oxidize Cd and coordinate with it. And S atoms in CS(NH,),
moleculars then attack the complex of Cd(H»,O),. Because there are amidogens in
thiourea molecules, so H bonds make the molecules organize into the pattern shown in
figure 4a. It is believed that Cd(H,O)S clusters in metastable state are formed in the
reaction process. Then these clusters decompose to CdS crystal nuclei. And the NH,
groups are absorbed on nuclei’s surface, which restrain the crystal faces growth and
make the nuclei grow into nanoparticles orientationally (figure 4b). These nanoparticles
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Figure 2. XRD pattern of as-synthesized CdS array.
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Figure 3. PL emission spectrum of CdS nanorods array (excited at 365 nm).

assemble into nanorods subsequently. These nanorods organize into array in the weak
force such as H bond between NH, groups (figure 4c).

4. Conclusions

In conclusion, a new hydrothermal reaction of solvent-oxidation-hydrolysis to fabricate
CdS was successfully established for the first time. Through this reaction, brush-like
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array of nanorods was obtained. The work in this paper successfully synthesized
nanoarrays without any hard templates through facile chemical method, which breaks
through the tradition that nanoarray materials were synthesized through physical
method or in the inducement of hard templates such as Al,Os, Si templates. This novel
method can surely be used to synthesize other metallic sulfides with good morphologies,
and it may be easily applied to large-scale manufacture for its merits, such as high yield
and low reaction temperature. CdS nanorod arrays can also be used to fabricate
semiconductor biosensors, light emitting nanodevices, etc.
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