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CdxZn1�xS nanoparticles incorporated in a nanoporous Vy-
cor glass (PVG) were fabricated by incorporating and decom-
posing bis(N,N-diethyldithiocarbamato)cadmium and bis(N,N-
dibutyldithiocarbamato)zinc sequentially. Fabrication of the
alloy compound was confirmed by the shift in the X-ray
diffraction pattern with respect to those of pure CdS and ZnS.

II–VI semiconductor nanoparticles have been attracting
much attention for the application in optoelectric devices and
photoelectric convertors.1–3 For tuning the emission wavelength
and absorption spectrum of the particles, methods for tuning the
size of the particles have been developed. Recently, as another
approach for changing the absorption spectra of the particles,
synthesis of alloy compound was extensively investigated be-
cause the band gap of alloy compounds can be easily modified
by the composition of the compound.4 For applying semiconduc-
tor nanoparticles to optical devices and photoelectric converters,
it is necessary to incorporate particles into an appropriate
porous medium or make composite with the particles and a
matrix.5,6 Therefore, methods for synthesizing nanocomposites
have been investigated vigorously.7–10

For an approach to fabricating a composite material com-
posed of alloyed nanoparticles in a porous medium, we present
a novel method for synthesizing CdxZn1�xS nanoparticles in
nanoporous Vycol glass (PVG, Corning 7930, mean pore
diameter: 4 nm, thickness: 1.1mm) by using the single-source
precursor method.11,12 The incorporation of molecular precur-
sors into a porous medium is easier than that of particles because
of the smaller size of the precursor molecules. Therefore, the
single-source precursor method has an advantage in fabricating
such composite materials: nanoparticles incorporated in porous
medium.

The experimental procedure is presented in Scheme 1.
CdxZn1�xS nanoparticles incorporated in PVG were synthesized
by decomposing bis(N,N-diethyldithiocarbamato)cadmium (Cd-
(Et2dtc)2) and bis(N,N-dibutyldithiocarbamato)zinc (Zn(Bu2-
dtc)2) sequentially. Cd(Et2dtc)2 was synthesized according to
the literatures.13 Sodium N,N-diethyldithiocarbamate trihydrate

(10mmol, 2.3 g) was dissolved in 10mL of water. Cd(NO3)2.
4H2O (5mmol, 1.4 g) was dissolved in 2mL of water. These
solutions were mixed and the resulting white precipitate was
filtrated. The filtrate was dried in vacuum. The product was char-
acterized by 1HNMR, elemental analysis, and UV–vis spectros-
copy. Anal. calcd for C10H20S4N2Cd (bis(N,N-diethyldithiocar-
bamato)cadmium): C, 29.30; H, 4.80; N, 6.80%. Found C, 29.41;
H, 4.58; N, 6.87%. UV–vis (CHCl3, �/nm): 265, 285. The posi-
tions of the peaks in the absorption spectrum were same as those
of the reported value.14 The product was used as a precursor of
CdS without further purification, and Zn(Bu2dtc)2 for the precur-
sor of ZnS was purchased from TCI. A PVG was dipped
in a 0.01M trichloromethane solution of Cd(Et2dtc)2 for 1 h
(Scheme 1a), and then was introduced in a glass tube and was
degassed. The glass tube was heated at 100 �C in vacuum for
1 h to dry up the PVG and then was sealed. The glass tube was
heated at 400 �C for 1 h to decompose Cd(Et2dtc)2 to produce
CdS (Scheme 1b). The resulting PVG (PVG + CdS) was im-
mersed in a 0.01M trichloromethane solution of Zn(Bu2dtc)2
(Scheme 1c) and was introduced in a glass tube. The glass tube
was heated at 100 �C in vacuum for 1 h and was sealed. The glass
tube was then heated at 400 �C for 1 h to produce CdxZn1�xS al-
loy particles in PVG (PVG + CdxZn1�xS). UV–vis absorption
spectra of these PVGes were measured by a JASCO V-570 spec-
trophotometer.

For the characterization of the decomposed product of the
precursors, X-ray diffraction (XRD) measurements were per-
formed on the decomposed products of the precursors, which
passed through almost the same procedure described above
except that the precursor was not incorporated into PVG by solu-
tion. The sequential decomposition of Zn(Bu2dtc)2 followed by
Cd(Et2dtc)2 with the same procedure described above was also
performed and the XRD pattern was measured. XRD patterns
of decomposed Cd(Et2dtc)2 and Zn(Bu2dtc)2 were also meas-
ured, respectively. The results are illustrated in Figure 1. It has
been confirmed from the accordance of the patterns and the
standard powder diffraction files that wurtzite hexagonal ZnS
and CdS were successfully synthesized by decomposing the re-
spective precursors (Figures 1a and 1b). Therefore, it can be con-
sidered that ZnS and CdS can be synthesized in PVG by decom-
posing the respective precursors incorporated in PVG. In the
case of the sequential decomposition of Cd(Et2dtc)2 followed
by Zn(Bu2dtc)2 (Figure 1d), the XRD peaks showed a large shift
toward higher diffraction angle with respect to those of CdS. The
shift of the peaks was attributed to the change in the lattice pa-
rameters by formation of CdxZn1�xS.

4 This was also supported
by a report that stacked CdS and ZnS layers formed CdxZn1�xS
by annealing at 400 �C.15 The lattice parameter c estimated from
the peaks in Figure 1d was 6.4 �A. It is well known that the lattice
parameters of CdxZn1�xS shift in proportion to the ratio of Zn to

Porous Vycor Glass
(PVG)

PVG+CdS+Zn(Bu2dtc)2

PVG+CdxZnS1-x

Zn(Bu2dtc)2CHCl3 solution

Sintered in vacuum at 400 °C

Permeation of

Sintered in vacuum at 400 °C

Cd(Et2dtc)2CHCl3 solution
Permeation of

(a)

(b)

(c)

PVG+CdS

PVG+Cd(Et2DTC)2

Scheme 1. Experimental procedure for fabricating CdxZn1�xS
nano-particles in PVG.
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Cd following the Vegard’s law. Therefore, the Zn mole fraction
expected from the lattice parameter can be estimated to be 0.5.4

On the other hand, in the case of the sequential decomposition of
Zn(Bu2dtc)2 followed by Cd(Et2dtc)2, the XRD pattern showed
the summation of each CdS and ZnS patterns (Figure 1c). This
means that each of CdS and ZnS nanoparticles was synthesized
independently in this case.

The absorption spectra of PVG + CdS and PVG +
CdxZn1�xS are illustrated in Figure 2. In these spectra, broad
peaks at around 600 nm were observed. These peaks would be
attributed to an organic residue caused by decomposition of
the precursors. The shift in the absorption edge of the decom-
posed product in PVG + CdxZn1�xS with respect to that of
PVG + CdS was observed, which was attributed to the forma-
tion of CdxZn1�xS from the XRD measurement. The approxi-
mate absorption edges of CdS and CdxZn1�xS were estimated
from the extrapolation of absorption at 410 nm and the back
ground as shown in Figure 2. The band gap of CdS in PVG
was estimated to be 2.5 eV and that of the CdxZn1�xS in PVG
was estimated to be 2.6 eV, respectively. The band gap of CdS
in PVG was almost same as that of bulk CdS. This can be
explained as follows. The average size of the CdS particles
would be around 4 nm because the average size of the pores in
PVG is 4 nm. And the increase in band gap by quantum size
effect appears extensively below the size of 4 nm in the case
of CdS.16–18 Therefore, the band gap of CdS in PVG estimated
from the absorption spectrum would be almost same as that of
bulk one. Because the sintering temperature was higher than
the melting points of the precursors, the precursors would melt
in the pores of PVG at first, and then decompose via the liquid
phase. Because the precursors would be hydrophobic, the pre-
cursors would be sphere shape rather than rods for minimizing
the surface energy.

The molar fraction of Zn in CdxZn1�xS in PVG +
CdxZn1�xS sample estimated from the band gap obtained from

Figure 2 was 0.12.19 The smaller content of Zn in CdxZn1�xS
in PVG + CdxZn1�xS sample than that of the sample for XRD
measurement was mainly attributed to the smaller amount of
the residual Zn(Bu2dtc)2 after evaporation of Zn(Bu2dtc)2
during heating up to 400 �C. On the other hand, the band gap
of the product of the sequential decomposition of Zn(Bu2dtc)2
followed by Cd(Et2dtc)2 in PVG was almost same as that of
CdS in PVG + CdS sample (not shown here). The difference
in the band gaps between the products by the decomposition
of Cd(Et2dtc)2 followed by Zn(Bu2dtc)2 and by the decomposi-
tion of Zn(Bu2dtc)2 followed by Cd(Et2dtc)2 was attributed to
the difference of the products, which can be confirmed from
the result of XRD measurements indicating the formation of
CdxZn1�xS in the case of the sequential decomposition of
Cd(Et2dtc)2 followed by Zn(Bu2dtc)2 whereas individual CdS
and ZnS in the case of the sequential decomposition of
Zn(Bu2dtc)2 followed by Cd(Et2dtc)2.

In conclusion, we have successfully synthesized CdxZn1�xS
nano-particles in a nanoporous glass by sequential incorporation
and decomposition of these precursors.
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Figure 2. Absorption spectra of PVG + CdS (dotted line), and
PVG + CdxZn1�xS (solid line).
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Figure 1. XRD patterns of the products after decomposing (a)
Zn(Bu2dtc)2, (b) Cd(Et2dtc)2, (c) Zn(Bu2dtc)2 followed by
Cd(Et2dtc)2, and (d) Cd(Et2dtc)2 followed by Zn(Bu2dtc)2.
The vertical lines on the top and bottom of the figure indicate
the standard powder diffraction patterns of wurtzite CdS (lower)
and wurtzite ZnS (upper).
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