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Abstract

Monodispersed CdS nanoballs were synthesized through g-irradiating CdCl2, Na2S2O3 and polyvinylpyrrolidone aqueous

solution at room temperature. With these well monodispersed CdS nanoballs, CdS@SiO2 core–shell structures were prepared under

hydrolysis of tetraethylorthosilicate without adding a coupling agent. Field emission scanning electron micrograph, transmission

electron microscopy, X-ray powder diffraction, X-ray photoelectron spectroscopy, ultraviolet absorption and photoluminescence

spectroscopy were used to characterize the products. It is hoped that the core–shell CdS@SiO2 nanoballs would be used as good

luminescence detecting material for biological systems, so this may stimulate technological interest and prospect many other

applications in materials related fields.
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1. Introduction

Semiconductor nanoparticles have been intensively investigated in the recent years for their optical and electronic

properties, which are often different from the corresponding bulk materials [1,2]. Among these, CdS nanoparticles and

silica-coated CdS particles have attracted considerable attention [3–6]. CdS is an important II–VI semiconductor

material with a wide band gap (Energy 2.53 eV), excellent properties in luminescence and photochemistry. Coating

the CdS nanoparticles is a good candidate method for preventing decomposition, improving luminescence

performance and further functionalization.

To date, different approaches have been proposed to synthesize CdS nanoparticles, such as solvothermal or

hydrothermal approaches [7,8], evaporation processes [9], mesoporous silica and monoliths [10] and sol–gel methods

[11]. Previously, we have reported g-ray irradiation route to synthesize ZnS nanoballs. The g-ray irradiation route

shows very simple and effective in the synthesis of II–VI semiconductor nanospheres [12].
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The silica-coated CdS particles have already been reported in many papers [5,6,13]. Chang et al. [5] have already

synthesized nanoparticles composed of CdS quantum dots dispersed in silica spheres. Correa-Duart et al. [14] also

introduced a method of adding 3-(mercaptopropyl)trimethoxysilane (MPS) as a coupling agent to incorporate the

semiconductor nanocrystals into silica. Recently, Mu et al. [15] reported a method forming a multi-core structure

needed no MPS as coupling agent.

In this letter, we report to synthesize well-monodispersed CdS nanoballs by g-irradiating polyvinylpyrrolidone

(PVP) aqueous solution under ambient pressure and at room temperature, and then by using these monodispersed CdS

nanoballs, we successfully prepared CdS@SiO2 core–shell structure without adding a coupling agent.

2. Experimental

2.1. Preparation of monodispersed CdS nanoballs

Solutions were prepared by dissolving an appropriate amount of analytically pure CdCl2�2.5H2O (1.14 g),

Na2S2O3�5H2O (2.48 g), polyvinylpyrrolidone (PVP, 0.5 g) and distilled water (50 ml). After vigorously stirred for

about 1 h at room temperature, solutions were then irradiated in the field of 60Co g-ray source (2.59 � 1015 Bq) with

the absorption dosage of 100 kGy. After irradiation finished, the yellow powders were obtained and collected by

centrifugation, and then washed with distilled water and ethanol several times.

2.2. Silica-coated CdS nanoballs

CdS nanoballs as-prepared were dispersed in the solution of 80 ml iso-propanol. 25% ammonia aqueous solution

(5 ml) and deionized water (7.5 ml) were mixed with the colloidal solution. Thereafter, tetraethylorthosilicate (TEOS,

0.5 ml) was slowly added into the colloidal solution and stirred for about 4 h. Following this, the solution was held at

room temperature for 2 days so that silica-coating could congregate on the CdS nanoballs’s surface.

A series of experiments with different TEOS/ammonia contents were done in our case. Firstly, TEOS content was

changed from 0.1 to 0.5 ml while ammonia content was used for 0.5 ml. Secondly, ammonia content was altered from

0.25 to 0.5 ml and TEOS content was still kept 0.5 ml for both cases.

2.3. Instruments and measurements

The transmission electron microscopy (TEM) studies were carried out on a Hitachi Model H-800 (Japan) apparatus

with an accelerating voltage of 200 kV. Field emission scanning electron micrograph (FESEM) was carried out on a

JEOL JSM-6700F. X-ray powder diffraction (XRD) patterns were collected on a Japan Rigaku D/max rA X-ray

diffractometer equipped with graphite monochromated high-intensity Cu–Ka radiation (l = 1.5418 Å). The

accelerating rate was 0.06 S�1 in the 2u range of 10–708. Further evidence for the composition of the product was

inferred from X-ray photoelectron spectroscopy (XPS), using an ESCALab MKII X-ray photoelectron spectrometer

with Mg Ka X-ray as the excitation source. The binding energies in XPS analysis were corrected by referencing C1s to

284.60 eV. UV absorption spectra were obtained with a SHIMADZU UV-365. Photoluminescence (PL) spectra were

obtained with a Fluorolog-3-Tau fluorescence spectrophotometer. The excitation wavelength lex was 370 nm, and the

bandwidths of excitation and emission are both 5 nm. Fluorescence measurements were obtained on suspensions in

quartz cuvettes.

3. Results and discussion

3.1. CdS nanospheres

The XRD pattern for the product is shown in Fig. 1. Diffraction peaks could be indexed to the (1 1 1), (2 2 0), and

(3 1 1) planes of cubic CdS phase with a cell constant of a = 5.828 Å, close to the reported value for CdS in sphalerite

(JCPDS No. 10–454).

Fig. 2 shows the XPS spectra of the products. In the survey spectrum (Fig. 2a) of the product, it shows the presence

of Cd and S. The existence of C1s peak may be caused by the residual solvent or gas molecules, such as CO2, absorbed
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by the surface of the sample. Higher resolution spectra of Cd and S regions are shown in Fig. 2b and c. The centers of

electron-binding energy of Cd (3d5/2, 409.02 eV, 3d3/2, 415.97 eV) and S (2P, 163.20 eV) are in a good agreement with

the literature values [16] and indicate that the valence states of elements Cd and S are +2 and �2, respectively. So, it

can be sure that the product is CdS from both of the XPS spectra and the XRD pattern.

Fig. 3a and b shows FESEM and TEM images of the products. It can be seen that the products are composed of

nanoballs. These CdS nanoballs observed are well monodispersed, the average diameter of spheres is about 70–90 nm.

Fig. 3c shows the electron diffraction (ED) pattern of CdS nanoballs. It shows very clearly the diffraction rings of CdS,

which can be characterized as (1 1 1), (2 2 0) and (3 1 1) diffractions from inner to outer, respectively, by calculating

the ratio of the corresponding radii. It is in agreement with the XRD pattern result.

The possible reaction process for the formation of CdS nanoballs can be described as follows:

(1)

here, the symbol ( ) stands for irradiation and e�aq represent hydrated electron.

e�aq þ S2O3
2�! S� þ SO3

2� (2)

e�aq þ S�! S2� (3)

Cd2þ þ S2�!CdS # (4)

In the presence of PVP, there is better control for the formation CdS nanoballs in the reaction while compared to

reaction in the absence of PVP in aqueous solution. The function of PVP here was thought that the existence of PVP

prevented CdS crystallites reuniting together and forming cluster at random. The reason is that PVP is a kind of

homopolymer in which the individual units contain imide groups. The N and O atoms of this polar group would bind

the cadmium ions or cadmium sulfide, so the growth of CdS crystallites might start as the shape of PVP micelles in

some extent. So, PVP should perform the rule of complexing and stabilizing CdS nanoballs.

3.2. Silica-coated CdS nanoballs

Fig. 4 shows TEM images of silica-coated CdS nanoballs. The experiments with different reagent contents of TEOS

and ammonia were done. If the TEOS concentration used was too high, thicker silica shell and more multi-core
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Fig. 1. XRD pattern of CdS nanospheres.
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Fig. 2. XPS spectra of CdS nanospheres: survey spectrum (a); Cd(3d) binding energy spectrum (b); S(2P) binding energy spectrum (c).



composites would be formed. As seen in Fig. 4A and B, while kept ammonia the same as 0.5 ml and enhanced TEOS

from 0.1 to 0.5 ml, the thicknesses of silica shells of the products were 5 and 50 nm, respectively. The thickness of the

silica shell decreased as the ammonia content increased, seen in Fig. 4B and C, the thicknesses of silica shells of the

final products were 50 and 80 nm, respectively.

Fig. 5 shows the UV absorption spectrum of the CdS nanoballs. The absorption spectrum had maximum peak

around 410 nm, which is considerably blue-shifted relative to the absorption onset of bulk CdS (ca. 515 nm) because

of the quantum confinement effect.
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Fig. 3. FESEM (a), TEM (b) and ED (c) images of CdS nanospheres.



The PL spectra of the silica-coated and non-coated CdS nanoballs are shown in Fig. 6. The broad emission

beginning around 460 nm is significantly blue-shifted from the emission of bulk CdS (ca. 520 nm), which could be due

to the size quantization effect of the CdS nanocrystallites. The PL peak intensity for the silica-coated CdS nanoballs

was much stronger than that for the non-coated CdS nanoballs. This should come from the luminescence quench

effect. It is easily understood that the internal interactions between non-coated CdS nanospheres were prominent.

A small hump observed at around 410 nm could be assigned to the effect of the dispersant ethanol.
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Fig. 4. TEM images of silica-coated CdS nanospheres obtained from different reagent contents of TEOS and ammonia: (A) products from 0.1 ml

TEOS and 0.5 ml ammonia; (B) products from 0.5 ml TEOS and 0.5 ml ammonia; (C) products from 0.5 ml TEOS and 0.25 ml ammonia.



4. Conclusions

In summary, we have successfully synthesized monodispersed CdS nanoballs through g-irradiating CdCl2,

Na2S2O3 and PVP aqueous solution at room temperature. By using these well-monodispersed CdS nanoballs,

CdS@SiO2 core–shell structures were prepared under hydrolysis of TEOS without adding a coupling agent.

The experiments with different reagent contents of TEOS and ammonia were done. The main advantage of this

process for the synthesis of silica-coated CdS nanoballs is no need for coupling agent and avoids forming excessive

multi-core spheres simultaneously. The monodispersed core–shell CdS@SiO2 nanoballs are quite good and such

particles would be useful in preventing decomposition, improving luminescence performance and further

functionalization.
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Fig. 5. UV absorption spectrum of CdS nanospheres.

Fig. 6. The PL spectra of with non-coated CdS nanospheres and silica-coated CdS nanospheres: (a) non-coated CdS nanospheres; (b) silica-coated

CdS nanospheres with 5 nm shell; (c) silica-coated CdS nanospheres with 50 nm shell; (d) silica-coated CdS nanospheres with 80 nm shell.
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