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Abstract. Tin oxide-doped hybrid particles were prepared by a wet chemical process with organic-inorganic
(phenyl/silica) hybrid particles in an alcoholic solution. The phenyl/silica hybrid particles, with a diameter of ca.
790 nm were used as a new support material for tin oxide (SnO2 ) particles from tin(IV) chloride. The surface of the
particles was modified via nitration of aromatic groups in the particles, to promote formation of the tin oxide coating
on the particles. The thickness and surface morphology of the tin oxide layer coated on the nitrated-phenyl/silica
hybrid particles could be controlled by varying the tin(IV) chloride concentration and reaction time. The size and
morphology of the resultant particles were investigated with field emission scanning electron microscopy (FE-SEM)
and transmission electron microscopy (TEM). The particles obtained were also characterised by infrared (FTIR) and
solid-state 13 C magic angle spinning nuclear magnetic resonance (13 C-CP/MAS NMR) spectroscopy. The effect of
processing parameters on the crystallinity and structure of the doped hybrids were confirmed by X-ray diffraction
(XRD) patterns.
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1.

Introduction

halide [8].
−2HCl

The synthesis and applications of silica and tin dioxide nanoparticles have been widely investigated because of their importance in a range of industrial fields.
Materials containing tin dioxide are used in many
applications such as semiconductor gas sensors, resistors, field-effect transistors, and ion-sensitive electrodes [1–3]. A large number of methods for the preparation of metal oxides have been developed [4–7].
Among them, sol–gel processing is a general method
for preparing silica and metal oxide particles [4–6].
The process involves mild conditions and is based
on hydrolysis and condensation reaction of metalorganic compounds such as metal alkoxides M(OR)n .
Tin dioxide formation also proceeds via hydrolysis and condensation reactions of the corresponding
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2Sn(4+) − Cl + 2H2 O −→ Sn(4+) − OH + HO
− Sn(4+) −→ Sn(4+) − O − Sn(4+) − +H2 O
In this work, surface modification of monodispersed
organic-inorganic hybrid particles through deposition
of a tin oxide layer was performed by a wet chemical
process in an ethanolic solution. The size, morphology,
and coating thickness of the particles obtained were
investigated as a function of reaction time and precursor
concentration, and the characterization of the particles
was performed by FTIR and XRD.
2.
2.1.

Experimental
Preparation of Phenyl/Silica Hybrid Particles

Monodisperse phenyl/silica hybrid particles were prepared using a procedure described in an earlier report
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[4]. In the first step, phenyltrimethoxysilane (PTMS,
94%, 6 ml, 30 mmol) was added to an aqueous
solution (156 ml) containing HNO3 (60%, 0.2 ml,
2.6 mmol) at 60◦ C for the hydrolysis. The acidic solution was stirred at 300 rpm for 1.5 min. In the second
step, NH4 OH (30%, 40 ml, 308 mmol) solution was
added to the homogeneous solution to promote condensation. The solution immediately formed a white
suspension. The solution was continuously stirred at
60◦ C for 4 h. The resulting particles were collected with
a membrane filter and washed with water four times.
The phenyl/silica hybrid particles were obtained after
drying in a vacuum oven at 90◦ C for 8 h.
2.2.

3.

Results and Discussion

Figures 1 and 2 show the infrared spectra of
phenyl/silica hybrid particles, nitrated-phenyl/silica

Preparation of Nitrated-Phenyl/Silica
Hybrid Particles

In a round flask fitted with a magnetic stirrer were
placed 6 ml (98%, 120 mmol) of sulfuric acid and 3 g of
phenyl/silica hybrid particles. After stirring for 5 min
to obtain a homogeneous dispersion, a solution containing 2 ml (98%, 40 mmol) of sulfuric acid and 3 ml
(60%, 40 mmol) of nitric acid was added dropwise to
the mixture solution in an ice bath over a 1 h. To the
mixture was poured ca. 500 ml of cold water for dilution. After 10 min, the resulting particles were collected
with a membrane filter and dried in a vacuum oven at
90◦ C for 4 h.
2.3.

the particles were performed by FTIR (Nicolet MagnaIR 760) and 13 C-CP/MAS NMR (VARIAN, UnityInova 300 MHz).

Preparation of Tin Oxide-Doped
Hybrid Particles

Figure 1. IR spectra of (a) phenyl/silica hybrid particles,
(b) nitrated-phenyl/silica hybrid particles, and the SnO2 -doped hybrid particles prepared with various reaction times: (c) 1 h, (d) 2 h,
and (e) 4 h (SnCl4 10.5 mmol).

In a round flask fitted with a magnetic stirrer was placed
50 ml of an ethanolic solution containing 0.2 g of
nitrated-phenyl/silica hybrid particles. An aqueous solution (10 ml) containing 2 g (10.5 mmol) of SnCl4
was added to the solution. The mixture was continuously stirred for 4 h under reflux. The resulting yellow
precipitate was collected with a membrane filter and
dried in a vacuum oven at 70◦ C for 12 h.
2.4.

Characterization

The crystalline phases of the samples were determined by X-ray diffraction (XRD, Rigaku D/RAD-C
diffractometer with Cu Kα radiation). The morphology
and size of the particles were investigated using field
emission scanning electron microscopy (FE-SEM, Jeol
JEM-6340F) and transmission electron microscopy
(TEM, Jeol EM-2000EXII). Spectroscopic analyses of

Figure 2. IR spectra of the SnO2 -doped hybrid particles obtained
by varying the SnCl4 concentrations: (a) 0.26 mmol, (b) 0.53 mmol,
(c) 2.6 mmol, (d) 5.3 mmol, and (e) 10.5 mmol (reaction time: 2 h).
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Figure 3. XRD patterns of the SnO2 -doped hybrid particles
obtained with various reaction times: (a) 1 h, (b) 2 h, and
(c) 4 h.

hybrid particles, and SnO2 -doped hybrid particles. In
the spectra of phenyl/silica hybrid particles, several
peaks are observed at 3074 cm−1 , 1430 cm−1 , and
1135 cm−1 , which can be assigned to C H in aromatic groups, C C in aromatic groups, and Si O Si,
respectively. After nitration of the particles, additional
peaks due to nitro groups (NO2 ) appeared at ca. 1530
and 1350 cm−1 (Fig. 1(b)). In the case of SnO2 -doped
hybrid particles, Sn OH and Sn O Sn bands appeared at 3500 cm−1 and 750–400 cm−1 , respectively,
in the spectra. The intensity of the bands increased and
that of the bands of nitro groups (NO2 ) and Si O Si
decreased, with increasing reaction time (Fig. 1) or
amount of SnCl4 (Fig. 2). This indicates that the amount
of SnO2 coated on nitrated-phenyl/silica hybrid particles increased with reaction time and/or SnCl4 concentration.
Figures 3 and 4 show the XRD patterns of SnO2 doped hybrid particles obtained under various conditions. The XRD patterns of the prepared SnO2
show very broad peaks, indicating either small crystallite size or semi-crystalline particles [9]. The crystallinity of SnO2 in the resulting particles clearly
increased with reaction time and the amount of
SnCl4 .
SEM images and 13 C-CP/MAS NMR spectra of
phenyl/silica hybrid particles and nitrated-phenyl/silica
hybrid particles are given in Fig. 5. As shown in
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Figure 4. XRD patterns of the SnO2 -doped hybrid particles obtained with various amounts of SnCl4 : (a) 0.26 mmol, (b) 0.53 mmol,
(c) 5.3 mmol, and (d) 10.5 mmol.

the SEM images, phenyl/silica hybrid particles have
a monodisperse size distribution and smooth surface
morphology. The size and morphology of the particles
was retained after the nitration reaction (Fig. 5(b)).
In the 13 C-CP/MAS NMR spectra, the phenyl/silica
hybrid particles show signals associated with carbons
in phenyl groups at 131 ppm and four spinning side
bands (ssb). After modification of phenyl/silica hybrid
particles, additional signals associated with carbon in
nitrophenyl groups are observed in the NMR spectra
(indicated by “o” in Fig. 5(b)), in addition to those associated with phenyl groups (indicated by “∇”). This
indicates that nitration was not complete in all parts of
the phenyl/silica hybrid, including the inner parts of the
particles.
Figures 6 and 7 show SEM and TEM images of
nitrated-phenyl/silica hybrid particles and the SnO2 doped hybrid particles obtained using varying reaction
times and SnCl4 concentrations. The overall size of the
SnO2 -doped hybrids increased with increasing reaction
time and SnCl4 concentration, due to a corresponding
increase in the thickness of the SnO2 layer on the hybrid
core. As shown in Fig. 6, the size of SnO2 -doped hybrid
particles increased from 800 nm to 1 µm with increasing reaction time, and the morphology of the particles
became rougher than that of the parent phenyl/silica
hybrid particles. The effect of SnCl4 concentration on
the size and the morphology of the particles was similar to the effect of reaction time (Fig. 7), indicating that
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Figure 5.
particles.

SEM images and

13 C-CP/MAS

NMR spectra of (a) phenyl/silica hybrid particles and (b) nitrated-phenyl/silica hybrid

Figure 6. SEM and TEM images (a) nitrated-phenyl/silica hybrid particles and the SnO2 -doped hybrid particles obtained with various reaction
times: (b) 1 h, (c) 2 h, and (d) 4 h.
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Figure 7. SEM images of the SnO2 -doped hybrid particles obtained with various SnCl4 concentrations: (a) 0.26 mmol, (b) 0.53 mmol,
(c) 2.6 mmol, (d) 5.3 mmol, and (e) 10.5 mmol. The scale bars are 2 µm.

the size of the tin oxide-doped hybrid particles could be
controlled by varying either the reaction time or SnCl4
concentration.

controlled by varying SnCl4 concentration and reaction
time.
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Conclusion

In summary, SnO2 -doped hybrid particles were prepared using phenyl/silica hybrid particles as a new
support material for SnO2 particles. The phenyl/silica
hybrid particles were modified via nitration reaction,
resulting in the formation of nitrated-phenyl/silica hybrid particles. Using a wet chemical process, SnO2
particles from tin(IV) chloride were coated on the
surface of the nitrated-phenyl/silica hybrid particles
under various conditions. The resulting SnO2 -doped
hybrid particles were obtained in the range of 800 nm–
1 µm. The thickness and surface morphology of tin oxide layer of tin oxide-doped hybrid particles could be
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