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Composite nanocrystal materials CdS/PW ,040>~ with an
ordered structure formed by CdS clusters surrounded with dis-
persed PW ;049> anions were synthesized. The material has
of a long period about 6.6 nm in agreement with the size sum
of individual CdS cluster and PW 1,040~ anion.

Cadmium sulfide has been widely used in the optoelectron-
ic application since the 1950’s. Because of its relatively broad
energy gap (about 2.5eV), pure and doped CdS nanocrystals
are often used as photoconductor, as light emitter in the green
region, and as solar cells and photocells.I’3 On the other hand,
the compounds of heteropolyanions also have many applica-
tions, such as catalysis in oxidation, alkylation, and hydrosulfu-
rization reactions.*’ Heteropolyanions have several interesting
properties. First, their redox properties could be easily adjusted
by changing their composition. Second, their structure can be
maintained even after receiving or losing several electrons. Fur-
thermore, heteropolyanions are stable and can be used in solu-
tion or as solid materials. The reversible oxidation-reduction of
heteropolyanions with no change in structures would be very at-
tractive in electrochemical sensor and solar energy transfer de-
vices.®” Here, we report the synthesis of a new composite com-
pounds of CdS nanoparticles with inorganic heteropolyanion
PW,040°" using a very simply and convenient process. It
was found that the material contains oriented rod-like structures
constructed by positively charged CdS clusters and PW ;049"
anions.

CdS/PW ;040> hydrosol was prepared by mixing
Cd;(PW,04), and Na,S at 4 °C under stirring, the molar ratio
of Cd**: S?>~ being 10:7. The initial concentration of the CdS
colloid was 4.12 x 107*M. In a typical experiment, 250 mL
colloidal solution was carefully evaporated to 50 mL at 60°C
and then cooled to room temperature. The concentrated solution
was centrifuged at the speed of 5 x 103 rpm. The upper solution
was decanted out. The precipitation was dissolved with 20 mL.
hot water, then concentrated to 5 mL, cooled down to room tem-
perature and centrifuged again. This operation was repeated
three times to remove excess PW12040°~, Cd** and Nat ions.
After washing three times, the concentrated solution was dried
in vacuum. After sufficient evaporation of water, light brown-
red crystal-like solid films were formed.

TEM (Transmission Electron Microscopy) images of the
colloidal solution evaporated on a carbon-coated, 300 mesh
copper TEM grid were recorded on JEOL 2000-EX operating
at 160kV. The observation from TEM image shows that the
nanoparticles with mean diameter of about 5 nm are linked into
strips. The electronic diffraction pattern (dj;; = 3.25 A,
drao = 2.00A, d3; = 1.70 A) indicated that the nanoparticles

were CdS clusters with cubic zinc blende structure the same
as found by previous authors.®

In the solid state, heteropolyanion compounds are ionic
crystal.9 PW,040°" anion with large volume (about 1 nm in di-
ameter) and charge, has the so-called Keggin structure which is
relatively unaffected by its surrounding.lo’11 During the synthe-
sis of the colloid, surface of CdS nanoparticles generally be-
come Cd**-rich. As a result, PW,040>~ anions were surround-
ing CdS particles by electrostatic interactions. Because of the
electrostatic repelling and the relatively large volume of
PW,040>~ anions, PW 5,049’ capped CdS nanoparticles
may assembly with point-contacting mode to form linked 1D
structures as shown by TEM image. The existence of
PW 04 anions was verified by XPS (X-ray photoeletron
spectroscopy) and infrared spectra of the powder sample of
the crystal-like solids. XPS measurements were performed us-
ing a Britain VG ESCALAB MK-II electron spectrometer with
Al Ko X-ray source of 300W at pressures lower than
4 x 10~® mbar. Considering the influence of charge up for semi-
conductor materials, all the XPS spectra were calibrated using
the position of the Cs peaks (285.0eV) present in the spectra
as a standard. The infrared spectra of the powder sample were
recorded on a Nicolet 750 FT-IR spectrometer using KBr wafer.
The infrared spectra of the sample indicate that the PW,040%~
anion still retains its Keggin structure while the XPS spectrum
shows the peaks of CdS (Cdzq:405.1eV, Sy,:161.5€¢V) and
PW120403_ (P2p:133eV, Wy:35.7€V,), and there is no charac-
teristic peak of Nat at 1071.5¢V.

Earlier experiments with the compounds of PW,049>~ and
its analogues showed that heteropolyanions can form ordered
monolayers on highly oriented pyrolytic graphite.'>'* or Ag
surface.'® The lattice constants of the monolayers vary with size
of cations. To view the assembly behavior of composite CdS/
PW5,040°~ nanoparticles by AFM (Atomic Force Microscopy),
we deposited one drop of the CdS/PW,049°>~ hydrosol onto
the mica sheet at 25 °C and then evaporated the solvent in air.
The AFM images were obtained with NanoScope III (Digital
Instruments) system in a constant force mode in air. Soft canti-
levers are 200-pum long with an integrated pyramidal SizNy tip,
exhibiting a spring constant of 0.12Nm~!. Typical force was
controlled on the order of 10nN.

AFM images of the sample show that CdS nanoparticles are
packed in an ordered pattern. They first assemble to form rod-
like structures, and then the rods gather together along a direc-
tion. Much more interestingly such an oriented rod-like struc-
ture is also maintained on the crystal-like solid film as shown
in Figure 1. The rods in 200 x 50-nm size were packaged in
parallel mode to form an ordered structure. As we know, the sta-
bilizer or surface capping reagent is very critical in the forma-
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tion of ordered structures. In most organized structures of nano-
particles including 3D nanocrystals, organic agents such as tri-
alkylphosphine oxide,'” thiol,'® quaternary ammonium salts,"”
and so on are usually used. Here, we have demonstrated that in-
organic heteropolyanion can be used to form stable and ordered
all inorganic nano-structures, which may be very useful in op-
toelcetronic application.

The structure of the CdS nanoparticles films was further
characterized by XRD (X-ray diffraction). XRD experiments
were done using a D/Max-RA rotating anode X-ray diffractom-
eter with work voltage/current at 40kV /150 mA. The diffrac-
tometer is equipped with a Kratky small angle diffraction de-
vice. Small angle diffraction experiment was performed with
26 from 1 to 10°.

In the wide-angle region of XRD (Figure 2a) the CdS/
PW ;04> nanocrystallites exhibit three broad peaks

Figure 1. Surface AFM image of crystal-like solid film
(size of area: 1 um x 1um).
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Figure 2. Powder X-ray diffraction pattern of crystal-like
solid film: (a) wide angle, and (b) narrow angle region.
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(dinn = 3357 A, dyo =2.037A, d;; = 1.738 A), which were
characteristic diffraction of CdS nanoparticles with cubic
zinc-blend structures the same as that found from electron dif-
fraction pattern of the sample. The broading of diffraction peaks
includes several contributions such as the reduction of particle
size and instrument function. The CdS mean diameter was esti-
mated as 4nm according to Scherrer’s equation D =
kA /(B cos 0)."® The asymmetry of the peaks may arise from
the size distribution of CdS nanoparticles.

It should be noted that there is no diffraction peaks of het-
eropolyanion compounds in XRD spectra, indicating
PW 1,040~ anions dispersed in the crystal space formed by
CdS nanoparticles. This fact agrees with the above suggestion
that PW,04°~ anions absorbed around CdS nanoparticles.
The oriented assembly of particles is revealed by small-angle
XRD of the solid film (Figure 2b). A peak appears at 26 of
1.3° means a long space period of 6.6 nm. This value is about
the size sum of individual CdS cluster and PW 2049~ anion,
reflecting that CdS nanoparticles and PW,0493~ anions have
an ordered assembly along one direction in solid film.
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dation of China (29874008).

References

1 Y. Wang, N. Herron, K. Moller, and T. Bein, Solid State
Commun., 77, 33 (1991)

2 M. A. Martinez, C. Guillen, and J. Herrero, Appl. Surf. Sci.,
136, 8 (1998).

3 N. Feltin, L. Levy, D. Ingert, E. Vincent, and M. P. Pileni, J.
Appl. Phys., 87, 1415 (2000).

4 M. T. Pope and A. Miiller, “Polyoxometalates: from Platon-
ic Solids to Antiretroviral Activity,” Kluwer, Dordrecht
(1994).

5 M. T. Pope and A. Miiller, Angew. Chem., Int. Ed. Engl., 30,
34 (1991).

6 R. Contant, M. Abbessi, J. Canny, A. Belhouari, B. Keita,
and L. Nadjo, Inorg. Chem., 36, 4961 (1997).

7 S. Q. Niu, Z. Y. Tang, Z. Shi, L. Liu, E. K. Wang, and S. J.

Dong, Langmuir, 15, 7268 (1999).

B. Keita and L. Nadjo, Surf. Sci. Lett., 254, 1.443 (1991).

9 M. Ge, B. Zhong, W. G. Klemperer, and A. A. Gewirth, J.
Am. Chem. Soc., 118, 5812 (1996).

10 M. T. Pope, “Heteropoly and Isopolyoxometalates,”
Springer-Verlag, New York (1983).

11 L. C. W. Baker and M. T. Pope, J. Am. Chem. Soc., 82,4176
(1960).

12 H. Weller, Angew. Chem., Int. Ed. Engl., 32, 41 (1993).
13 M. Misono, Catal. Rev.—Sci. Eng., 29, 269 (1987); M.
Kinne and M. A. Barteau, Surf. Sci., 447, 105 (2000).

14 B. Keita, F. Chauveau, F. Théobald, D. Bélanger, and L.
Nadjo, Surf. Sci., 264, 271 (1992).

15 C. B. Murray, C. R. Kagan, and M. G. Bawendi, Science,
270, 1335 (1995).

16 N. Herron, J. C. Calabrese, W. E. Farneth, and Y. Wang,
Science, 259, 1426 (1993).

17 J. Fink, C. J. Kiely, D. Bethell, and D. J. Schiffrin, Chem.
Matter., 10, 922 (1998).

18 A. Taylor, “X-ray Metallography,” John Wiley, New York
(1961).

e e}

Published on the web (Advance View) August 11, 2003; DOI 10.1246/c1.2003.818



