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Uniform crystalline CdSnO3‚3H2O nanocubes with a 28−35 nm edge length have been obtained via the ion-
exchange reaction of Na2Sn(OH)6 in a CdSO4 aqueous solution, assisted by ultrasonic treatment. Precursor Na2-
Sn(OH)6 crystals were prepared via hydrothermal treatment in an ethanol/water solution. The formation of
CdSnO3‚3H2O nanocubes resulted from the strain during the ion-exchange process. The influences of reaction
conditions, such as ion-exchange (ultrasonic treatment) duration, solvent constitutes, surfactant, and pH on the
formation of CdSnO3‚3H2O crystals were described. Crystalline CdSnO3 and Cd2SnO4 have been obtained by
thermal treatment at 300 and 500 °C, respectively, for 5 h under an inert-gas protecting condition using CdSnO3‚3H2O
nanocubes as the precursor. The cube shape of CdSnO3‚3H2O was sustained after thermal decomposition to
CdSnO3.

1. Introduction

The synthesis of inorganic nanostructures with well-
defined size, shape, composition, crystallinity, and structure,
such as nanospheres, nanorods, nanowires, nanotubes, and
nanocubes, has been an active research area because of the
unique size- and shape-dependent properties1-5 of these
compounds, which are different from those of the bulk. These
materials are important in the fields of catalysis, photography,
electronics, photonics, data storage, optoelectronics, biologi-
cal labeling, imaging, and biosensing.6-14 Particular emphasis
has recently been placed on the fine-tuning of the shape and
size of inorganic materials, including the nanocube.15-24

Much remains to be investigated with regard to the control-
lable synthesis and property evaluation of these morphologi-
cal novelties. For example, considerable strategies have been
developed for growing cubes of metal oxides (Cu2O/Co3O4),
halides (CaF2/BaF2), chalcogenides (Ag2S), etc.,15-21 while
comparatively little work has been performed on the ternary
complex oxides (CaSnO3, Bi2Fe4O9).22-24

Among the perovskite-type alkaline earth stannates, cad-
mium stannate has been recently considered to be a new
material for semiconductor gas sensors because of its high
selectivity, sensitivity, and stability toward ethanol gas.24-27

It is well-known that the gas-sensing mechanism belongs to
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the surface-controlled type.28 Nanocrystalline particles, ex-
hibiting a large surface area, might be favorable for improv-
ing the sensitivity of gas-sensing material.29 On the other
hand, particles with different morphologies may show
desirable features because these particles are nucleated and
grown in epitaxial manner, exposing defined crystal planes.30

Some research groups have reported that particles with
different morphologies showed different sensitivity to gas,
resulting from their different surface activity;31-32 therefore,
it is interesting to investigate the facial synthesis methodology
of nanomaterials with special morphologies for their potential
application in gas sensors. Cadmium stannate nanoparticles
have been synthesized by the chemical coprecipitation
method,26,27,33but no analogues with well-defined sizes and
shapes (e.g., nanocubes) have been prepared. In the current
work, we employed a two-step technique to synthesis
uniform nanocrystallite CdSnO3‚3H2O cubes with a narrow
particle size distribution. Our method involved the prepara-
tion of precursors Na2Sn(OH)6 via a hydrothermal method
in an ethanol/water solution, followed by the ion-exchange
reaction between solid Na2Sn(OH)6 crystals and Cd2+ solu-
tion, assisted by ultrasonic treatment. We have established
that the ion-exchange (ultrasonic treatment) duration, sur-
factant, pH, and volume ratio of ethanol/water in the
hydrothermal treatment process are crucial to the growth of
CdSnO3‚3H2O nanocubes. Furthermore, crystalline CdSnO3

and Cd2SnO4 have been obtained by thermal treatment at
300 and 500°C, respectively, for 5 h under an inert-gas
protecting condition using CdSnO3‚3H2O nanocubes as the
precursor. The cube shape of CdSnO3‚3H2O was sustained
after thermal decomposition to CdSnO3.

2. Experimental Section

2.1. Hydrothermal Process.Stannic chloride (SnCl4), sodium
hydroxide (NaOH), cadmium sulfate (CdSO4), and polyvinylpyr-
rolidone (PVP,Mw ≈ 30 000) were of analytical grade and used as
supplied. In a typical procedure, 1.5 mmol of SnCl4 and 2.5×
10-2 mmol of PVP (calculated by the repeated unit) were
simultaneously dissolved in 50 mL of an ethanol/water (4/1 by v/v)
solution. Ten milliliters of 12.5 mol/L NaOH aqueous solution was
then added dropwise into the solution under vigorous stirring. The
resulting slurry was transferred into a Teflon-lined stainless steel
autoclave with a capacity of 100 mL, and it was sealed. The
hydrothermal synthesis was performed under saturated water vapor
pressure at 180°C for 24 h, and then, the vessel was cooled to
room temperature. The product, Na2Sn(OH)6, was collected by
centrifugation.

2.2. Ion-Exchange Reaction.Five millimoles of 3CdSO4‚8H2O
was dissolved in 300 mL of deionized water to obtain an aqueous
solution. The precursor (Na2Sn(OH)6) obtained in the hydrothermal

process was rapidly introduced to CdSO4 aqueous solution. The
slurry was ultrasonically treated for 50 min, during which Cd2+

replaced the Na+ of Na2Sn(OH)6. The resultant CdSnO3‚3H2O was
filtered, washed with distilled water and ethanol, and then dried at
room temperature.

2.3. Thermal Treatment. The as-prepared CdSnO3‚3H2O was
subsequently calcined at 300 and 500°C for 5 h under inert-gas
protecting conditions (99.9% Ar).

2.4. Material Characterization. The crystallinity and phase
purity of the product were examined by a Bruker D8 advance X-ray
diffractometer (XRD) with monochromatized Cu KR radiation (λ
) 1.5418 Å). The morphology and structure of the as-synthesized
product were characterized using a JEOL JEM-2010 transmission
electron microscope (TEM) operating at 200 kV and a JEOL JSM-
6700F scanning electron microscope (SEM). The stoichiometry of
the products was examined by X-ray photoelectron spectroscopy
(XPS) using a Kratos XSAM 800 spectrometer with a Mg KR
(1253.6 eV) X-ray source. The X-ray gun was operated at 12 kV
and 16 mA. The binding-energy scale was referenced to the main
C1s peak at 284.6 eV. Differential scanning calorimetric analysis
(DSC) and thermogravimetric analysis (TGA) were carried out with
a STA409PC LUXX apparatus (Germany) with a heating rate of
10 °C min-1 in a flowing N2 atmosphere. The particle size data
were calculated by the line-intercept method using counting statistics
for a group of 100 particles.

3. Results and Discussion

The XRD pattern (Figure 1a) of the sample prepared by
hydrothermal treatment shows the formation of phase-pure
Na2Sn(OH)6, which matches well with the information for
JCPDS file card 24-1143. The hexagonal lattice parameters
obtained by least-squares fitting of thehkl and 2θ values
are a ) 5.94 Å andc ) 14.1 Å. The much larger ratio
between (003) and other low-intensity peaks in the XRD
pattern in Figure 1a compared with that of standard JCPDS
24-1143 in the standard pattern database indicates that the
preferred orientation of the Na2Sn(OH)6 is along thec axis.
The SEM image in Figure 2a shows that Na2Sn(OH)6 has
flat plates, which are assembled almost in parallel to form
plate-stacks in different sizes. It is reasonable that the plates
are crystals with preferred orientation as indicated by XRD.

CdSnO3‚3H2O nanocubes were synthesized by the reaction
between solid Na2Sn(OH)6 and the CdSO4 aqueous solution
assisted by ultrasonic treatment. Figure 1b represents its XRD
pattern. It is evident that all the reflections in Figure 1b can
be readily indexed to the cubic phase (a ) 8.00 Å) of
CdSnO3‚3H2O (JCPDS 28-0202). Figure 2b shows a repre-
sentative SEM image of the as-prepared CdSnO3‚3H2O. It
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Figure 1. XRD patterns of the products (a) Na2Sn(OH)6 and (b)
CdSnO3‚3H2O.
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can be clearly observed from the inset of Figure 2b that the
CdSnO3‚3H2O product mainly consists of nanometer-scale
cubes. The cubic edge length is in the range of 28-35
nm.

XPS analysis was performed to determine the stoichiom-
etry of the product. The XPS spectrum for CdSnO3‚3H2O
(Figure 3a) clearly shows Cd(3d), Sn(3d), O(1s), and C(1s). The
absence of the Na peaks and N(1s) indicated that the Na+

almost had been replaced by Cd2+ and that the PVP had been
removed completely by washing. The other panels in Figure
3 show high-resolution XPS regions of various elements for
the products. The peak locations of Cd(3d) and Sn(3d) are
similar to the standard spectrum of CdSnO3.34 But the O(1s)

peak shifts toward higher binding energy with respect to the
CdSnO3 O(1s) peak. The peaks could be fitted by two nearly
Gaussian functions, centered at 530.4 and 532.4 eV, respec-
tively. The low binding energy component located at∼530.4
eV is attributed to the CdSnO3 crystal lattice oxygen. The
high binding component, centered at 532.4 eV, is associated
with the presence of hydrated oxides species corresponding
to OH.35 The analysis of the Cd(3d), Sn(3d), and O(1s) peak
intensities gives an atomic ratio of 1:1.07:6.04. The results
reveal that the products are CdSnO3‚3H2O within the limits
of instrumental error.

Herein, the two-step process plays an important role in
the synthesis of CdSnO3‚3H2O nanocube. The preparation

of CdSnO3‚3H2O is based on the following formal reactions

A hydrothermal reaction was carried out in an ethanol/
water solution to obtain crystalline Na2Sn(OH)6. The fol-
lowing reaction with the CdSO4 aqueous solution resulted
in a white powdery product consisting of crystallites with
cubic shapes that can be confirmed as CdSnO3‚3H2O by the
XRD pattern (Figure 1b). The reaction is basically a
diffusion-controlled ion-exchange process in which Cd2+ ions
in the CdSO4 aqueous solution replace the Na+ ions of Na2-
Sn(OH)6 as the reaction proceeds, driven by, among other
effects, the ion concentration gradient and entropy effect.
To gain a better understanding of the nanocubes formation,
we have studied the time course of the reaction by SEM.
Figure 4 shows scenario images for the morphology evolu-
tion. When an Na2Sn(OH)6 crystal (Figure 2a) was placed
into the CdSO4 aqueous solution, ion-exchange between Cd2+

and Na+ occurred via the surfaces of the Na2Sn(OH)6
particles in a relatively short time, which avoided the
dissolution of Na2Sn(OH)6 in water. After 5 min of chemical
reaction, the big Na2Sn(OH)6 particles split into many plates
as shown in Figure 4a because the weak coupling between
the original parallel plates was broken because of the
coupling effects of reaction and sonication. Since the ionic
radius of Cd2+ (95 pm) ion is smaller than that of Na+ (102
pm),asmoreandmoreionsareexchanged,theCd0.5xNa2-xSn(OH)6
crystals became strained and unstable. When the strain
exceeded a critical value, the Na2Sn(OH)6 structure then
transformed into the more stable CdSnO3‚3H2O structure.
The CdSnO3‚3H2O particles show cubic shapes mainly
because their intrinsic structures have cubic symmetry. To
release the strong stress and lower the total energy,
CdSnO3‚3H2O nanocubes are detached from the plates.
Figure 4b-d shows the SEM images taken from the product
with 10, 15, and 20 min, respectively, of ion-exchange
treatment. As the ion-exchange reaction continues, more and
more nanocubes are produced. After 20 min treatment, one
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Figure 2. SEM images of the products (a) Na2Sn(OH)6 and (b) CdSnO3·
3H2O.

Figure 3. XPS spectra of the (a) CdSnO3‚3H2O nanocube and the (b)
Cd(3d), (c) Sn(3d), and (d) O(1s) regions.

Figure 4. SEM images of the products prepared after different ion-
exchange times: (a) 5, (b) 10, (c) 15, and (d) 20 min.

SnCl4 + 4NaOHf Sn(OH)4 (1)

Sn(OH)4 + 2NaOHf Na2Sn(OH)6 (2)

Na2Sn(OH)6 + CdSO4 f CdSnO3‚3H2O V + Na2SO4 (3)
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can see that the reaction is not complete, and many plates
with holes are observed. It is also clear that the cubic hole
or joint holes denoted by white arrows in the plates results
from the separation of nanocubes. The ion-exchange reaction
was complete at50 min, using a typical procedure as shown
in Figure 2b.

The two-step process plays a key role in obtaining uniform
CdSnO3·3H2O nanocubes. Control experiments were carried
out to investigate the results of the one-step process. If the
SnCl4, 3CdSO4‚8H2O, NaOH, and PVP solution is hydro-
thermally treated at 180°C for 24 h, the product not only
consisted of of larger cubic structures but also the distribution
of sizes was wider. In addition, the pH has to be srtictly
adjusted to obtain cubic CdSnO3‚3H2O. Another experiment
was performed in which purchased Na2SnO3·3H2O was put
into 3CdSO4‚8H2O aqueous solutions assisted by ultrasonic
treatment. The product was dominated by microparticles with
irregular shape. Thus, the formation of platelike Na2Sn(OH)6
crystal via hydrothermal treatment is a key process influenc-
ing the synthesis of uniform CdSnO3·3H2O nanocubes.

In the experiments, the synthesis parameters, such as the
ultrasonic treatment (ion-exchange) duration, solvent com-
position, surfactant, and pH, play an important role in the
control of the size and composition of the final products. It
is well-known that ultrasonic cavitation in liquid may
improve the ion-diffusion rate and that it is effective for
deagglomeration. Without ultrasonic treatment, CdSnO3·
3H2O cubes with a wide size distribution aggregate together
and are difficult to deaggolemerate after reaction. However,
nanocubes with a uniform edge size of 30 nm can be obtained
(Figure 2b) by ultrasonic treatment for 50 min. When the
ultrasonic treatment time was increased to 60 min, the size
of cubes increased from 30 (50 min) to 150 nm for only an
additional 10 min of ultrasonic treatment (Figure 5). It can
be proposed that, in the initial stage of of ion-exchange
reaction, Cd2+ and Na+ exchange rapidly and the CdSnO3‚
3H2O nanocubes separate from the precursor plates assisted
by ultrasound. With the time was increased, the turbulent
flow and shock waves produce by acoustic cavitation can
drive the nanocubes together and make them coalesce and
grow. Thus, dispersed nanocubes with uniform edge size can
be obtained under a suitable ultrasonic treatment (50 min).
In addition, the ethanol environment is crucial to ensure the
formation of Na2Sn(OH)6 crystals in an ethanol/water solu-
tion and the subsequent formation of CdSnO3‚3H2O. As
shown by the XRD patterns in Figure 6, with a decrease of

the volume ratio of the ethanol/water, the product shifts from
CdSnO3‚3H2O and a mixture of CdSnO3‚3H2O/Cd(OH)2 to
Cd(OH)2. This is probably related to preferential formation
of Sn(OH)4 compared to that of Na2Sn(OH)6 with the
increase of water resulting in a higher polarity in the
hydrothermal system. The surfactant is always used to control
the morphologies of nanostuctures well.36-39 Herein, to
achieve the plate-shaped Na2Sn(OH)6 particles, we introduced
PVP into the synthesis system. Although polyvinylpyrroli-
done (PVP), poly(ethylene glycol) (PEG), and cetyl-tri-
methyl ammonium bromide(CTAB) have been used to
control the shapes of nanomaterials, PVP was found to be
unique in the present synthesis system. But the exact role of
PVP in this process is unclear. Moreover, we also found that
the CdSnO3‚3H2O nanocube could be obtained in any strong
alkaline condition for this two-step method. It implies that
the pH value has limited influence on the formation of
CdSnO3·3H2O nanocubes.

The thermal behavior of CdSnO3‚3H2O nanocubes was
investigated with DSC and TGA measurements. As observed,
the DSC curve in Figure 7 exhibits a weak endothermic peak
at 95 °C, and the TGA curve involves a continuous mass
loss from room temperature to 120°C. These could be caused
by the release of absorbed water. Two more endothermic
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Figure 5. TEM image of the product with a 60 min ion-exchange
treatment. Figure 6. XRD patterns of composite prepared at different ratios of the

ethanol/water solution: (a) 4:1, (b) 1:1, and (c) 1:4 [*, Cd(OH)2, 9, CdSnO3·
3H2O].

Figure 7. DSC and TGA curves of CdSnO3·3H2O.
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peaks with maxima located at 234 and 382°C are also
shown; these peaks are accompanied by weight losses of
∼8.5 and∼0%, respectively. The first peak at 234°C can
be attributed to the loss of three water molecules according
to

but its total mass loss is lower than the theoretical value
(15.8%) calculated from the above equation. This suggests
incomplete decomposition even around 234°C. The second
peak at 382°C and its corresponding stable weight are
attributed to the decomposition of the products according to

On the basis of the thermal measurement results, we
thermally treated CdSnO3‚3H2O at 300 and 500°C for 5 h
and investigated the phase of products by XRD measurement
(Figure 8). All of the peaks in Figure 8a can be indexed to
the orthorhombic CdSnO3 (JCPDS 34-0885) phase, indicat-
ing that CdSnO3‚3H2O crystals have been decomposed to
CdSnO3 completely at 300°C. The peaks in Figure 8b can
be indexed to the mixture of orthorhombic (JCPDS 20-0188)
and cubic Cd2SnO4 (JCPDS 34-0928) phases. The presence
of only the peaks of Cd2SnO4 phase in Figure 8b suggests
that SnO2 is possibly amorphous.

To demonstrate the presence of SnO2, the XPS spectra
are taken from the sample after it was annealed at 500°C.
As shown in Figure 9, the XPS spectra of Sn(3d) and O(1s)

are fitted by multiple Gaussians. Compared with the Sn(3d)

binding energy of Cd2SnO4, the Sn binding energy shifts to
higher energy, indicating that at least two Sn species are
present in the sample. The peaks at 493.9 and 485.5 eV are
from the Cd2SnO4 crystal lattice Sn, while the peaks at 494.9
and 486.2 eV are from SnO2. The O(1s) spectrum consists of
two branches, the strong one at 530.4 eV corresponding to
Cd2SnO4 and the small shoulder at 530.1 eV being assigned
to SnO2.40

The morphologies and microstructures of the final products
CdSnO3 and Cd2SnO4 were investigated with TEM and
selected-area electron diffraction (SAED). As shown in
Figure 10a, the cube shape was retained after heat treatment
at 300°C, but the size of nanocubes was reduced from an
average of 30 nm to about 20 nm because of dehydration.
The inset of Figure 10a is a SAED pattern (lower half, rings),
taken from a randomly chosen area A of the as-prepared
CdSnO3. It exhibits rings with several spots indicating the
crystal nature of the sample. A simulated SAED pattern of
CdSnO3 crystal is shown in the upper half. A reasonable
agreement between these two parts had been achieved. So
the SAED pattern can be indexed as the reflections of the
CdSnO3 structure, which is consistent with the result obtained
from XRD. From Figure 9b, one can see the larger formless

Figure 8. XRD patterns of the products (a) CdSnO3 and (b) Cd2SnO4 (*,
cubic; 9, orthorhombic].

Figure 9. XPS spectra of the Cd2SnO4: (a) Sn(3d) and (b) O(1s) regions.

Figure 10. TEM and SAED images of the products (a) CdSnO3 and (b) Cd2SnO4.

CdSnO3‚3H2O f CdSnO3 + 3H2O

2CdSnO3 f Cd2SnO4 + SnO2
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product of Cd2SnO4. The SAED pattern in the inset of Figure
9b reveals that Cd2SnO4 is crystalline in structure.

4. Conclusions

A new and simple method based on a hydrothermal
process and an ion-exchange reaction has been proposed to
synthesize well-defined CdSnO3‚3H2O nanocubes at high
yields. It has been found that the formation of the Na2Sn-
(OH)6 crystal was a key process and the ethanol/water
volume ratio strongly affected the composition of product.
The CdSnO3‚3H2O nanocubes were formed because of the
strain during the ion-exchange process. The duration of
sonication also played a significant role in determining the

size of the CdSnO3‚3H2O nanocubes. Crystalline CdSnO3

and Cd2SnO4 have been obtained by thermal treatment at
300 and 500°C, respectively, for 5 h under an inert-gas
protecting condition using CdSnO3‚3H2O nanocubes as the
precursor. The cube shape of CdSnO3‚3H2O was sustained
after thermal decomposition to CdSnO3.
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