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Abstract

Mo-doped SnO, nanoparticles were prepared using hydrothermal method. The average grain size
obtained by varying calcinations temperature from 160 to 500 °C showed the different sizes. Prepared
materials characterized by X-Ray diffraction (XRD) and scanning electron microscopy (SEM). Also the
FTIR and the UV-Vis absorptive spectra have been carried out. Mo- doped SnO; nanoparticles with
different sizes used as a catalyst for epoxidation of cycloocten. The result revealed that the existence of
Mo species caused an increasing sensitivity on epoxidation.
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1. INRODUCTION

The recent intense research interests in
nanosized particles of metals and
semiconductors  have  been  mainly
attributed to the so-called quantum size
effect, i.e., the size-tunable materials
properties. For semiconductor nano-
particles, this is distinctly reflected in the
rather significant band gap structure that is
size-sensitive, and might be manifested by
the varied catalysis characteristics [1].
Metal oxide nanoparticles are interesting
among the most studied materials in the
last decade due to the possibilities of
applications such as production of
technical components for optical tech-
nology, solar cells and gas sensors [2-7].
SnOz is an n-type wide band gap
semiconducting material with direct band
gap energy of 3.6 eV and indirect band gap
of 2.6 eV and also known to be in a
tetragonal rutile structure [8]. To take
advantage of the properties of SnO:
nanoparticles, a number of attempts have
been made by developing the effective

synthetic techniques in the preparation of
SnO2 nanoparticles [9]. Doping of different
metals to this material caused an increasing
in the application of them. Such as,
nanoparticles of SnO, doped with boron
and indium showed a dramatic drop in the
capacity of lithium batteries with the
increase of dopant of B or In [10]. Also,
when SnO> was doped with Al>QOg, the best
electrochemical performance of lithium
anode cells was achieved for 10% Al-
containing tin oxides [11]. Doping of WOs3
and MoOs on SnO: increases the acid
catalysts properties [12]. Tin oxide
nanostructures have been synthesized by a
variety of techniques, including vapor
transport [13], carbothermal reduction
[14], laser ablation of pure tin in an
oxidizing  Ar/O,  atmosphere  [15],
oxidation of electrodeposited tin wires
[16], oxidation of tin vapors at elevated
temperatures [17], solvothermal synthesis
[18], electrospinning [19], sol-gel method
[20] and hydrothermal method [21]. The
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hydrothermal method is one of the
promising techniques for synthesizing of
nanoparticles because of its ability to
control size and morphology of nano-
particles [21]. In this paper, we reported
the influence of Mo species as dopant in
the catalysis behavior on the epoxidation
of cycloocten. Also, the FTIR and the UV—
Vis absorptive spectra of prepared samples
have been investigated.

2. MATERIALS AND METHODS

All reagents purchased from Merck and
used without further purification. The
samples were prepared by hydrothermal
method.  SnCl2-:2H,O  and  (NHa)e
(M0)7(0)24.4H.0  were  dissolved in
deionized water, then NaOH solution was
doped into the solution under stirring, by
which a white precipitate was obtained.
The precipitate was put into a Teflon-
linered autoclave. The autoclave was put
into an oven, and kept for some time under
160 °C, and then cooled naturally to room
temperature. The product was centrifuged
and washed with ethanol for several times
and dried in oven at 60 °C. After drying,
prepared materials annelid at 300 and
500°C for 2 h. The morphology of samples
were determined by wusing scanning
electron microscopy (SEM, Philips XL30
microscope, Holland). XRD patterns were
recorded in ambient air using Philips Xpert
X-ray powder diffraction (CuKa, A =
1.5406 °A, Holland), at scanning speed of
2°/min from 20° to 80 ° (20). Infrared
spectra was recorded on a Bruker, Equniox
55 spectrometer. Absorption spectra were
measured by a UV-vis spectro-
photometer(30W, UV-C, A=253.7 nm,
photon provides 4.89 ev, manufactured by
Philips, Holland).The catalytic activity was
examined by suspending 1.5 % molar ratio
(0.11 mmol) catalyst in 1 ml CH.CI, and
3.65 mmol of pre-selected alkenes.
Hydrogen peroxide 30 % (1 ml) was
introduced to the reaction mixture. The
two phase reaction systems were stirred
under refluxing conditions. The substrate
and reaction products were dissolved in
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organic phase and catalyst was presented
in water phase. The extent of alkenes
conversion was monitored by sampling
aliquots of organic phase of reaction
mixture every half an hours and was
analyzed by gas chromatograph.

3. RESULTS AND DISCUSSION

XRD was performed to determine the
crystalline structures of the samples. The
XRD patterns of the as-prepared Mo-
doped SnO2 (Cwmn=0.006 gr. in this case)
samples calcined at three different
temperatures (160, 300, and 500 °C,
respectively) for 2 h are shown in Fig. 1.
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Fig.1: XRD patterns of the samples calcined at (a)
160°C (b) 300°C (c) 500°C.

The observed diffraction reflections, i.e.
(110), (101), (200), (211), (220), (002),
(310), (112), (301), (202) and (321) are
similar to bulk SnO: and correspond to
tetragonal rutile crystalline phases of tin
oxide with standard JCPDS data card No.
41-1445. No characteristic peaks of
impurities, such as molybdenum oxide or
other tin oxides, were observed. The
crystallite size of the prepared powders
was calculated from XRD line broadening
using Debye—Scherrer equation, which
revealed that with increasing calcining
temperature, the crystallite size gradually
increased. Scanning electron microscopy
(SEM) was employed to study the
morphology of samples. The SEM
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morphology of the nanoparticles at
different temperature is shown in Fig.2.

Figure 2. SEM morphology of samples
calcined at (a) 160, (b) 300 (c) 500°C
respectively.
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Figure 3. EDS image of Mo-doped SnO-
nanoparticles.

When the chemical compositions of each
state were analyzed by EDS, it was found that
the atomic percent of Mo was about 7.49% as
shown in Fig.3. Fig.4 shows the FTIR
spectra of the prepared SnO. samples
before and after calcining at 500 °C.

For un-calcined state of sample, it can be
seen an intense and very broad IR peak
ranging from 1000 to 2000 cm™!, which

may be due to absorbed water and NHa.
After calcination, this peak disappeared.
Increasing calcining temperature resulted
in the decrease of the intensity of the water
band, and after heating at 500 °C, the
bands attributed NHz around 3000 and
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Figure 4. FTIR spectra of samples at (a)
160 (b) 500°C.

also, one intense broad band around 500
cm™! of this sample was observed. After
calcining at 500 °C, the intensity of this
band increased remarkably. These bands
are assigned to the antisymmetric Sn—-O—
Sn stretching mode of the surface—bridging
oxide formed by condensation of adjacent
surface hydroxyl groups. The spectra
changes can be easily attributed to changes
in the size and the shape of the SnO:
particles. Nanosized semiconductor parti-
cles generally exhibit threshold energy in
the optical absorption measurements with
decreasing particle size [22]. The optical
absorption spectrum of the samples
calcined at three different temperatures
(160, 300, and 500 °C, respectively) are
shown in Fig. 5.

It can be observed that the absorption
spectra have a red shift with increasing the
calcining temperature, which is consistent
with the effect of quantum confinement
when the semiconductor particles are in
nanoscaled range.
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Figure 5. Optical absorption spectrum of
the samples calcined at, (a) 160, (b) 300,
(c) 500°C.

The catalysis test was carried out on
epoxidation of cyclooctenin liquid phase,
using hydrogen peroxide as an
environmentally benign oxidant at room
temperature. The result revealed that the
existence of Mo species caused epoxy-
dation sensitivity increment. It concluded
that conversion was quite low when SnO;
was used as a catalyst but using Mo doped
SnO: enhanced conversion. The selectivity
was 99.9 % and the conversion was 92.8
%, 89.7% and 45 % for samples calcined at
500°C, 300°C, and 160°C, respectively.
Results showed that prepared catalyst
could successfully catalyzed the epoxy-
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