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Preparation of hollow CdSe nanospheres
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Abstract

Cadmium selenide (CdSe) hollow nanospheres (approximately 40–50 nm) have been successfully synthesized by g-irradiating

polyacrylamide (PAM) hydrogel template which contains CdCl2 and Na2SeO3 aqueous solution at room temperature. The nanospheres were

characterized by energy dispersive spectrum (EDS), field emission scanning electron micrograph (FESEM), transmission electron

microscopy (TEM) and high-resolution transmission electron micrograph (HRTEM), respectively. EDS showed that nanospheres were

composed of Cd and Se (atomic ratio, 1.15:1). A possible formation mechanism of CdSe hollow nanospheres through two-steps was

presented.
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1. Introduction

Ordered porous materials currently attract considerable

interest due to their wide range of applications as catalysts,

as thermal and acoustic insulators and as optical devices [1–

3]. Template synthesis is a commonly used tool with

technological advantages in the preparation of ordered

porous materials. As we know, zeolites and related molec-

ular sieves are commonly crystallized around small mole-

cule templates, and mesoporous molecular sieves are

templated by supermolecular aggregates of surfactant mol-

ecules or by block copolymer [4–6]. However, the size of

the pores is limited to the dimensions of the organic

templates and to materials such as oxides, chalcogenides

and phosphates that can be easily processed hydrothermally

or solvothermally. Inorganic materials with much larger

pores, in the size range of hundreds of nanometers to

micrometers, have been synthesized with the use of vesicle

arrays or polymer spheres as templates [7–10]. In this

paper, we reported a simple and successful method of

producing cadmium selenide (CdSe) hollow nanospheres
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by g-irradiating polyacrylamide (PAM) hydrogel template,

of which the size of nanospheres is around 40–50 nm.
2. Experimental

All the reagents were of analytical grade and were used

without further purification. Sodium selenosulfate (Na2
SeSO3) could be made by refluxing selenium powders in

a sodium sulfite solution [11]. The amount 10 g of

Acrylamide (AM) was dissolved into 50-ml distilled water

which was irradiated in the field of 2.59� 10 15Bq60Co g-

ray source with a dose of 0.8 KGy. After irradiation,

transparent PAM hydrogel was obtained. Then, the PAM

hydrogel was divided into pieces which were then put into

100 ml aqueous solution containing 1.15 g CdCl2̇2H2O, 20

ml (CH3)2CHOH and 10 ml of 0.05 mol dm� 3 Na2SeSO3

solution. The solution was deaerated by bubbling with pure

nitrogen (99.99%) for 20 min. While reaching its swelling

equilibrium, the solution was placed in the same g-ray

source as above, with a dose of 24.4 KGy. When the

reaction is almost finished, red and gelatinous products

were obtained. The products were dried in vacuum at room

temperature, ground to powder, and were then washed with

distilled water several times till all the byproducts were

removed. By drying the products in vacuum again at room

temperature, we could get the final product, CdSe.



Fig. 1. (a) FESEM image of CdSe hollow nanospheres. (b) SEM image of

CdSe hollow nanospheres at high magnification. (c) TEM image of CdSe

hollow nanospheres. (d) ED pattern of CdSe hollow structures. (e) HRTEM

image of an integral hollow structure.
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3. Results and discussion

X-ray energy dispersive spectrum (EDS), electron dif-

fraction (ED) and high-resolution transmission electron

micrograph (HRTEM) were carried out on a JEOL-2010

transmission electron microscope (TEM) with accelerating

voltage of 200 KV. Field emission scanning electron

micrograph (FESEM) was carried out on a JEOL JSM-

6700F and transmission electron micrograph (TEM) was

carried out on a Hitachi H-800 transmission electron

micrograph. EDS pattern reveals that the walls of hollow

structures are composed of Cd and Se, and the quantitative

analysis result indicates that the atomic ratio of Cd to Se is

53.47:46.53 (1.15:1). FESEM photograph shows that CdSe

samples prepared in the PAM hydrogel network consist

entirely of spherical particles with a size distribution of

approximately 40–50 nm in diameter (Fig. 1a), and the

spherical morphology is clearly confirmed at high magni-

fication (Fig. 1b). In order to depict the structure of

spherical particles, the TEM images of samples were

examined and the hollow spherical morphology is clearly

confirmed in Fig. 1c. It can be seen that the morphology of

hollow nanospheres are approximately 40–50 nm in pore

diameter and approximately 3–5 nm in wall thickness. The

ED pattern (Fig. 1d) shows the diffraction rings of CdSe,

which can be characterized as 111, 220 and 311 diffraction

from inner to outer, respectively, through calculating the

ratio of the corresponding radii. The HRTEM images (Fig.

1e) give the fabrication of the structure walls, of which the

inner parts of the integral nanosphere are hollow, the

surroundings are composed of CdSe and the size of the

wall is about 3 nm.

We think that a possible reason to form CdSe hollow

nanospheres could be explained as follows [12]: First, Se2�

can be released homogeneously from SeSO3
2� under g-

irradiation; this character is just like S2� releasing homo-

geneously from S2O3
2� while irradiated [13]. Based on the

similarity in structure of S2O3
2� and SeSO3

2� [except that

Se(� 2) substitutes S(� 2) to connect S( + 6)], it is reason-

able that Se2� could be achieved homogeneously from the

decomposition of SeSO3
2� under g-irradiation [here, oxida-

tive radicals (�OH) were scavenged by iso-propyl alcohol,

the irradiation system was reductive [14]]. In an aqueous

solution with the existence of Cd2 +, CdSe seed formation

occurs by the reaction of Cd2 + with free Se2�:

Cd2 þ þ Se2� ! CdSe

And then, the growth of the seeds continues whether the

CdSe grows on the seeds (growth from a supersaturated

solution), or by the process of Ostwald ripening whereby

larger seeds grow at expense of the smaller ones:

nCdSe ! ðCdSeÞn #

It should be pointed out that the choice of proper water-

soluble polymer as template is the key to the successful
synthesis of CdSe hollow nanospheres. Organic molecules

can alter inorganic microstructures, offering a very powerful

tool for the design of novel materials [15]. PAM hydrogels

around the CdSe nanocrystals prevent the formation of

disordered structures, and self-organization of the quantum

dots occurring in a controlled fashion as the solubilizing

power of the solvent is decreased. Along with the formation

of these two- and three-dimensional networks, CdSe quan-

tum dots can also be joined with specific chemical linkers

and formation [16].
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4. Conclusion

In summary, we have presented a simple and novel

method for preparing CdSe hollow nanospheres. Compared

with the conventional routes, this method is easily controlled,

very convenient and effective. It may stimulate technological

interest and also prospect many applications in materials

fields. To the best of our knowledge, very few studies have

been carried out on this topic to date. In the end, the authors

are greatly indebted to Prof. Shu-yuan Zhang for his assis-

tance with HRTEM and continuously stimulating discussion.
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