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Abstract

ZnS/polyacrylamide nanocomposites are successfully prepared by g-irradiating hydrogel at room temperature. The product

is characterized by IR, EDS, TEM, HRTEM, UV–VIS and PL, respectively. It was found that ZnS nanocrystals are well

dispersed in hydrogel with a narrow size 2–3 nm.
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1. Introduction

In the last few years, inorganic/polymer nanocom-

posites have played increasingly important roles in

research and in numerous applications. They usually

have special properties, which are combinations of

those inorganic and polymer materials. Among these

materials, semiconductor/polymer nanocomposites

have recently aroused much interest [1,2]. Because

they are considered to be highly functional materials

with many applications, such as in photoluminescent,

photoelectric and nonlinear optical materials. The

flexibility and processability of polymer matrices

can provide good mechanical properties [3–5].

Zinc sulfide is one of the most interesting materials

due to its attractive application in many fields such as

light-emitting diode (LED), electrochromic devices,

infrared window materials and phosphors for cathode

ray tubes [6,7]. When it exists in polymer matrix, the

polymer is expected not only to provide good

mechanical and optical properties, but also to confer

high kinetic stability on nanometer-sized semiconduc-

tor particles. In addition to the specific electronic and

optical properties of ZnS nanocrystals, the composite

will possess excellent film processability, thus, good

optical quality thin films of the composite can be

easily obtained. Conventionally, zinc sulfide could be

prepared by gas-phase, solid/vapor, and aqueous sol-

ution reactions, etc. [8,9]. In these methods, use of

toxic gas H2S cannot be avoided and it has irregular

crystallites with a wide size distribution ranging from

25 to 200 nm. Using organometallic precursors was

another route for synthesizing ZnS, but most of the

organometallic precursors were toxic, easy to hydro-

lyze and oxidize and hard to deal with [10].

Recently, g-irradiation, as a new method, had been

extensively used to prepare nanocrystalline metal,

alloy, metal oxide, composites and metal sulfide

[11–15]. Compared with other methods of prepara-

tion of ultrafine particles, the g-ray radiation method

can carry out under ambient pressure at room temper-

ature. In this communication, we report our current

progress on the extension of the g-irradiation method
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to the preparation of ZnS/polyacrylamide nanocom-

posites, in which involves no toxicant, initiator, sur-

factant and higher temperature. Unlike earlier reported

efforts [16], we tried to limit the size of the particles

within the polymer network of the absorbent, instead

of within the complexing ligand. The inorganic com-

ponent displays nearly monodispersion and a narrow

size ranging form 2 to 3 nm in polymer matrix.

2. Experimental

In order to disperse efficiently ZnS nanoparticles,

we use two-step g-irradiation method. First, polyacry-

lamide hydrogel was prepared by irradiating an aque-

ous solution of 20% acrylamide (AM) monomer at

room temperature. After irradiation, a transparent,

elastic gel was obtained. Cross-linked polyacrylamide

can provide a sponge-like system in water, which

requires that the nanoparticles be well distributed

Fig. 1. IR spectrum of the as-prepared ZnS/PAM nanocomposite.

Fig. 2. EDS spectrum revealing that the nanocrystals are composed

of S and Zn.

Fig. 3. (a) TEM image of the as-prepared ZnS/PAM nanocomposite.

(b) ED pattern of the ZnS nanocrystals.
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within the PAM network [17,18]. Second, the PAM

resin was divided into pieces, which were put into

zinc sulfate and thiourea aqueous solution. After

reaching the swelling equilibrium, the hydrogel con-

taining Zn ions and H2NCSNH2 was irradiated in the

field of 60Co g-ray source. The mechanism of the

formation of nanocrystalline sulfide can be explained

as follows [19]:

H2O!
irradiation

e�aq;H3O
þ;H�;H2;OH�;H2O2 ð1Þ

H2NCSNH2 þ e�aq ! S� ð2Þ

S� þ e�aq ! S2� ð3Þ

S2� þ Zn2þ ! ZnS # ð4Þ

All of the products were dried and ground into pow-

ders.

All the regents were of analytical grade and were

used without further purification. Acrylamide (AM)

of 10 g was dissolved into 50-ml distilled water,

which was irradiated in the field of 2.59� 1015 Bq
60Co 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 put into 100-ml aqueous solution con-

taining ZnSO4�7H2O 2.88 g and H2NCSNH2 1.52 g.

After reaching the swelling equilibrium, the hydrogel

was also irradiated in the field of 2.59� 1015 Bq 60Co

g-ray source with a dose of 24.4 kGy. After g-

irradiation, white, gelatinous products were obtained.

The product was dried in vacuum at room temper-

ature, ground to powder and then washed with dis-

tilled water to remove the by-product. The final

products were dried in vacuum, again at room tempe-

rature.

3. Results and discussion

Fig. 1 shows the IR spectrum of the ZnS/PAM

nanocomposites. The result is similar to the standard

infrared spectrum of polyacrylamide and totally differ-

ent from that of monomer acrylamide. In Fig. 1, the

strongest peak is at 3439.8 cm � 1 (tNH2) and the

characteristic peaks are at 2920.8 cm � 1 (tCH3),

1644.2 cm� 1 (tCjO) and 464.9 cm� 1 (dNH2) of

polyacrylamide, which confirms the successful poly-

merization of the acrylamide monomer in aqueous

solution upon g-irradiation. The peak of low compo-

nent ZnS could not be observed because the peak of

ZnS is extremely weaker than that of polyacrylamide.

Fig. 4. HRTM image of the 2–3 nm ZnS nanocrystals in the polymer network.
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The X-ray energy dispersive spectrum (EDS)

shown in Fig. 2 reveals that the nanocrystals are

composed of Zn and S, and quantitative analysis result

indicates that the atomic ratio of Zn to S is about 1:1.

Transmission electron microscopy (TEM) examina-

tions were used to observe ZnS nanocrystals in the

polymer matrix. Fig. 3a shows a typical TEM image

of the as-prepared ZnS/polyacrylamide nanocompo-

sites, from which only the polyacrylamide network

can be seen. However, the electron diffraction (ED)

patterns (Fig. 3b) in this area clearly show the dif-

fraction rings of ZnS, which can be characterized as

111, 220 and 311 diffractions from inner to outer,

respectively, by calculating the ratio of the corre-

sponding radii. Therefore, it reveals that microminia-

ture crystalline grains are composed of cubic h-ZnS.
Fig. 4 shows a typical high-resolution electron micro-

scopy (HREM) image of the ZnS nanocrystals in the

PAM network. From Fig. 4, we have investigated the

growth of the nanoparticles with diameters ranging

from 2 to 3 nm. All these clearly indicated that ZnS

nanocrystals were immersed and well dispersed in the

PAM matrix. Meanwhile, it indicated that the polymer

networks could effectively prevent the particles from

growing and aggregating further.

Fig. 5 shows the absorption spectra of as-prepared

ZnS/PAM nanocomposites (in Fig. 5a) and pure bulk

zinc sulfide (in Fig. 5b), from which we can see

nanocomposites with the onset of absorption at 220,

240 and 320 nm. The absorption bands at 220 and 320

nm correspond to the characteristic bands of bulk zinc

sulfide (at 220 and 310 nm), but there is not a

counterpart of 240 nm in bulk zinc sulfide. To

determine the effect of the inorganic component ZnS

on the photoluminescent properties of the nanocom-

posites, we compared the PL spectra of pure ZnS (in

Fig. 6b) with that of the as-prepared ZnS/PAM (in Fig.

6a). Under photoluminescent excitation at 240 nm, the

nanocomposites emit light at 320, 335, 348 nm, but

pure ZnS only emits light at 440 nm under PL

excitation at 323 nm. These features indicate the

quantum-confined effect of the ZnS/PAM nanocom-

posites.

4. Conclusion

In summary, we have presented a simple and

novel method for preparing 2–3 nm zinc sulfide

crystalline grain in the polymer network. To the best

of our knowledge, very few studies have been

carried out on this topic to date. It may stimulate

technological interest and see many applications in

optical fields.

Fig. 6. Photoluminescence emission spectra of nanocomposites (a,

kex = 240 nm) and pure ZnS (b, kex = 323 nm).

Fig. 5. UV–VIS spectra of the (a) as-prepared nanocomposites and

(b) pure ZnS.
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