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SUMMARY 

A novel inorganic semiconductor nanocomposite(CuzS/CdS/ZnS) were prepared in 
polymeric networks. The XPS data show that the mass content of Cu, Cd and Zn ions in 
polymeric networks were roughly 1.4%, 6.7% and 7.7% respectively. The particle sizes of 
Cu2S, CdS and ZnS were about 2.Snm, 5.3nm and 7.1nm respectively determined by 
XRD, and they have monoclinic, hexagonal and hexagonal structures. Considering the 
densities, molar ratio and solubilities of these metal sulfides and compared with the TEM 
photograph, we can deduce that these three kinds of metal sulfides in polymeric networks 
formed a three-layered structure. 

INTRODUCTION 

Over the past ten years extensive research has been carried out in the field of 
nanometer-sized semiconductor particles(I-5) due to their special physical and chemical 
properties which are intermediate between the molecular and bulk limits. Most of the 
studies have focused on the spectroscopic, photochemical and nonlinear optical properties 
of these materials(6-9). Recently some papers on CdS/ZnS(10), ZnS/CdSe(ll), 
CdS/PbS(12) and CdSfI-tgS(13) composite or coated nanoparticles have been reported. 
One of the most striking features of these nanoclusters is the strong size-quantivity effect, 
thus a synthesis which controls particles size and its distribution are of importance. 
Polymer is expected to provide good mechanical and optical properties, conferring high 
kinetic stability on nanometer-sized semiconductor particles. ,More recently, PbS(14), 
PbI2(15), Fe203(16) have been synthesized in polymer matrices in our group using a 
variety of methods. As the band gap energies of Cu~S, CdS and ZnS nanoparticles change 
from narrow to wide,, the difference in energy levels of these semiconductor systems plays 
an important role in achieving charge separation. So these metal sulfides composites have 
potential application in nonlinear optical. In this paper, the Cu2S/CdS/ZnS nanocomposite 
was successfully prepared in polystyrene system by ion exchange, which can be easily 
prepared the transparent thin film material for optical measurements. In comparison with 
those of the previously works(14-16), it is a good method to synthesize the multi- 
semiconductor nanocomposite in polymer matrices. 
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EXPERIMENTAL 

Materials 
Styrene, K2S208, sodium oleate, DMF(dimethylformamide), methanol, cupric 
acetate,cadmium chloride, zinc chloride were all analytical grade agents; Styrene was 
distilled under reduction of pressure. 

Preparation of Cu2S/CdS/ZnS nanocomposite 
The synthesis of polymer networks called BS has been reported before(17). The 
sulphonation reaction of BS was similar to the reference(17), but this time, the reaction 
time was much longer than that(about 6hrs), and the degree of sulfonation was about 
19.4% estimated by XPS data. The sulphonated product was also called BSS. 

5g of BSS immersed into the solution which contained lg Of cupric acetate, 3g of 
cadmium chloride and 5g of zinc chloride in 100ml of distilled water for 100hrsl Then 
these metal ions exchanged with H + of-SO3H groups were adsorbed into the BSS 
networks. The polymer networks containing metal ions was briefly named BSSM, and the 
XPS was used to measure thesi~ metal ions' content. 

0.02g of BSSM was dissolved in 4ml of DMF, and then treated with H2S gas from 
zero to 10ml gradually in a sealed container after which the solution turned yellow, but 
with no precipitation. 

RESULTS AND DISCUSSION 

XPS was used to estimate the metal ions content in BSSM(see TableD. From that, we can 
estimate that the mass percents of Cu, Cd and Zn ions were roughly 1.4%, 6.7% and 
7.7% respectively. According to these data, the atomic ratio of these three metal ions was 
about 1/2.85/5.56. 

Table 1. Observed elemental composition 
determined by XPS 

Element Binding energy Atomic% 
S 2p 170.4eV 10.44 
C ls 285. leV 53.83 
Cd 3d5 306.8eV 1.11 
O ls 533.4eV 32.06 
Cu 2p3 937.1eV 0.39 
Zn 2p3 1023.6eV 2.17 
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Fig. 1 X-ray diffraction pattern of nanocomposite 

Fig. 1 was the x-ray diffraction(XRD) pattern of the casting film of nanocomposite. We 
determined the average particle size from the line width of the diffraction peaks using 
Scherrer's equation(18): 

D(particle diameter)=kl/IScosO (1) 

wherelSis the half width of the diffraction peak, I is the x-ray wavelength(0.1542nm) and k 
is geometric factor taken to be 0.9. So the average particle sizes of CuzS, CdS and ZnS 
were about 2.8ran, 5.3nm and 7.1nm respectively. Fig.2 was the absorption spectrum of 
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Cu2S/CdS/ZnS nanocomposite dissolved in DMF solution. With decreasing particle size, 
the absorption edge will shift to higher energies, and the particle sizes of this 
nanocomposite can be estimated from the shifts in the absorption edge according to the 
reference(9,19),which, correspond well with the data obtained by XRD(se e Table2). 

Table2. Particle sizes of the nanocomposite 
measured by different methods 

XRD UV TEM 
Cu2S 2.8nm -2.9nm 
CdS 5.3nm 5.2nm 
ZnS 7.1 nm 6.9nm -7.2nm 
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Fig.2 UV spectrum ofnanocomposite in DMF solution 

However, From TEM micrograph(Fig.3) we could Observe that the average particle size 
was only about 7.2nm, and many nanocomposite particles had core-shell structures whose 
core diameter was roughly 2.9nm. (Here, we think the core may be Cu2S particles, as its 
color is much deeper than those of CdS and ZnS.) How to explain this phenomena? We 
suppose that these three metal sulfides may form a layered structure. Bearing in mind that 
the solubility product of CuzS is at least 21 and 24 orders of magnitude smaller compared 
to those of CdS and ZnS respectively. As we added H2S gas little by little into the DMF 
solution which contains BSSM, the Cu2S crystals must form firstly, then CdS and ZnS 
could appear sequentially. Similar to the reference(20), if one assumes that the entire 
amount of metal sulfides formed a three layere d structure consisting of Cu2S acting as 
core and a layer of CdS on the surface of this core covered by, furthermore, ZnS as the 
outermost shell, the molar ratio of Cu2S,CdS and ZnS should be about 1/2.74/5.53 
according to their diameters(2.8nm, 5.3nm and 7.1nm) and their densities(5.6, 4.82 and 
3.98 respectively)(21), which was similar to the XPS data(I/2.85/5.56). So we deduced 
that the layered structure of this nanocomposite could be formed. 

Fig.3 TEM photograph of the nanocomposite Fig.4 Electron diffraction image of the 
in polymeric networks nanocomposite shown in Fig.3 
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Data obtained from the electron diffraction(ED) pattern(Fig.4) and XRD are given in 
Table3 which" both indicate that the Cu2S, CdS and ZnS in nanocomposite have 
monoclinic, hexagonal and hexagonal structures respectively compared with their standard 
data(22). 

Table3. Diffraction data(d) for nanocomposite measured by ED and 
XRD 

Metal Sulfide ED XRD Standard value 
Cu2S 0.3344nm 0.3336nm 
ZnS 0.3208nm 0.3200nm 
CuzS 0.3028nm 0.3054nm 
Cu2S 0.2869nm 0.2869nm 
Cu2S 0.2335nm 0.2330nm 
CdS 0.1793nm 0.1802nm 0.1791nm 
CdS 0.1462nm 0.1462nm 
ZnS 0.1289nm 0.1296nm 
ZnS 0.1250nm 0.1251 nm 
CdS 0. I I24nm 0. 1125rim 
ZnS 0.0956nm 0.0955nm 
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