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Oleylamine-capped tin disulfide nanoparticles were prepared by the hot-injection method using tin (II) chloride
(SnCl2.5H2O) and thioacetamide as tin (II) and sulfur
precursors, respectively. The as-prepared nanoparticles
were rinsed with ethanol or toluene, and their structural
and morphological were assessed by X-ray diffraction,
Raman spectroscopy, scanning electron microscopy and

transmission electron microscopy. The obtained nanoparticles were single-phase SnS2 with hexagonal structure.
These nanoparticles self-assembled to produce spherical
40-50 nm nanostructures after ethanol evaporation, whilst
rhombohedral-shaped nanostructures or round-edge nanoribbons were produced after the toluene evaporation.
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1 Introduction The best solar cell adopting inorganic
nanophase as the electron acceptor demonstrated a power
conversion efficiency exceeding 3% using CdSe tetrapods
[1]. However, compared with this toxic material, a nontoxic, environment-friendly alternative may be more attractive for future application in this kind of cells.
SnS2 is a layered semiconductor which belongs to the
CdI2-type structure with a band-gap of 2-3 eV [2]. A broad
band-gap material leads to high photo-conductance [3] and
makes it a candidate for solar cells and opto-electronic devices [4]. Compared with other inorganic nanoparticles
containing Cd, SnS2 is easy to prepare, nontoxic, environment-friendly, and raw materials are abundant on earth.
SnS2 nanomaterials have been widely used for a variety of
industrial and technical applications, for example, semiconductor [5], Li-ion battery anode material [6], solar cells
[7], etc. Various morphologies of SnS2 materials including
nanoplates, nanorods, nanobelts, nanoflowers and nanotubes have been fabricated using different synthesis methods [8, 9].

A variety of methods have been developed for the syntheses of SnS2, such as direct combination of the constituent elements [10], solid-state metathesis [5], vapor transport [11], these synthetic processes require high temperature or expensive instruments. Mild syntheses approaches,
hydrothermal and solvothermal methods [12, 13], successive ionic layer adsorption and reaction (SILAR) [14], can
produce relative big SnS2 crystals with several hundred
nanometers long and wide, even to micrometers, and so it
is difficult to obtain pure nanocrystals (NCs) of this material.
The Hot-injection method [15] has been widely used to
synthesize semiconductor nanomaterials because of its versatility to control high crystalline and monodisperse nanoparticle production [16].
In this work, we report hot-injection method for the
preparation of monodisperse SnS2 nanoparticles, simply by
mixing SnCl2 and thioacetamide with oleylamine at 230 °C.
In the present work, oleylamine passivates the surface of
grown nanoparticles and prevent agglomeration. Our
method can be used to prepare large scale highly poly© 2015 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

solidi

status

physica

pss

c

2

A. Méndez-López et al.: Synthesis of self-assembled tin disulfide nanoparticles

disperse SnS2 nanoparticles at high temperature. The prepared nanoparticles were dispersed in ethanol or toluene
after the nanoparticles settle down themselves at the bottom of the container, so it is simple to purify them. Also,
the structure and morphology of the products have been
characterized by X-ray diffraction (XRD), micro-Raman
spectroscopy, scanning electron microscopy (SEM) and
transmission electron microscopy (TEM).
2 Experimental
2.1 Synthesis of SnS2 nanoparticles via hotinjection method SnS2 nanoparticles were synthesized
by the hot-injection method. In a typical synthesis, 0.26 g
Tin (II) chloride dihydrate (SnCl2 2H2O, 98.6%, Analyzer)
was dissolved in 20 ml of oleylamine (OLA, C18H37N,
70%, Fluka) at room temperature. Then, the temperature of
this mixture was raised to 170 °C under an inert nitrogen
atmosphere for 60 min. Finally, the temperature of the
mixture was raised to 230 °C. Then, 3 ml of OLA containing 0.15 g of thioacetamide (C2H5NS, TAA, 99.0%, Analytica) was dissolved at 40 °C until a transparent yellow
solution was obtained. This solution was cooled back to
room temperature and injected into the mixture quickly.
The reaction was maintained at 230°C with an inert N2 atmosphere and under continuous stirring for 24 h, and then
cooled down to room temperature. The as-formed nanoparticles are isolated by precipitation with 20 ml ethanol or
toluene followed by centrifugation at 4500 rpm for 30 min.
The final product, SnS2 nanoparticles are washed twice by
means of solvent/antisolvent procedure using toluene/ethanol. We have observed that during the dispersion
and purification of the oleylamine capped SnS2 nanoparticles, it were precipitates more easily in ethanol than that in
toluene due to the high thermal conductivity of ethanol At
the end, the SnS2 nanoparticles were suspended in 10 ml of
ethanol or toluene used as solvent. The inkjet was deposited on the substrate by the drop coating technique. This
post synthesis processes were conducted at room temperature. In our synthesis, oleylamine plays the dual role as reducing and stabilizing agent.
2.2 Characterization methods
2.2.1 X-ray diffraction (XRD) characterization
methods The crystal structure of SnS2 nanoparticles was
investigated by X-ray diffraction (XRD) analysis, using the
CuKα radiation with a wavelength of 1.5405 Å in the
range: 20-70° on a PANalytical’s X'pert PRO X-ray diffractometer.
2.2.2 Micro-Raman spectroscopy Raman spectroscopy (RS) of SnS2 samples was carried out using a Jobin Horiba micro-spectrometer with a He-Ne laser that
emitted at a wavelength of 632.8 nm and a power of
20 mW. The Raman spectra samples were measured at
room temperature in a wavelength range between 200 and
600 nm, using a 50x objective to focalize the laser spot.
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2.2.3 Scanning electron microscopy (SEM) The
morphology of the SnS2 samples were determined using an
Auriga Zeiss 90-36 Scanning Electron Microscope.
2.2.4 Transmission electron microscopy (TEM)
The micro-structures of SnS2 were determined using a
JEOL (model 2010) transmission electron microscope, operating with at 200 kV, with a point to point resolution of
0.18 nm.
3 Results and discussion
3.1 Scanning electron microscopy (SEM) The
morphologies of SnS2 nanoparticles washed in ethanol or
toluene as solvent were investigated by SEM. SEM images
revealed that the SnS2 nanostructures washed with ethanol
were spherical in shape (Fig. 1a). It is known that ethanol
effectively removes the free oleylamine in the washing
bath, while capping the SnS2 nanoparticles and producing
the nanoparticles flocculation. The obtained spherical clusters were 40-50 nm in size. In all cases, a polydisperse
product was obtained, but the average cluster size could be
controlled by modifying the reaction time. When toluene
was used in the product rinsing, small oleylamine-capped
SnS2 nanoparticles were also obtained. These nanoparticles
self-assembled to produce larger faceted nanostructures,
about 350 nm in size, as indicated in Fig. 1b. A similar effect was observed in oleylamine capped YAG nanoparticles [17].

Figure 1 SEM images of the SnS2 nanoparticles dispersed in (a)
ethanol and (b) toluene.

3.2 X-ray diffraction (XRD) The phase composition of
synthesized SnS2 nanoparticles was characterized by XRD.
The XRD characterization shows that both, ethanol- and
toluene-treated SnS2 crystallized in the hexagonal structure.
All the diffraction peaks could be indexed according to the
standard card (JCPDS No. 23-0677). The prominent peaks
at 2Ɵ = 15.03°, 28.21°, 32.12°, 41.90°, 49.98°, 52.46° correspond to the (001), (100), (101), (102), (110) and (111)
planes, respectively. No diffraction peaks belonging to
other phases (e.g. SnS, Sn2S3) than SnS2 could be detected,
indicating that nanoparticles with single phase hexagonal
SnS2 were obtained; the estimated lattice constants were a
= 3.649 Å, c = 5.899 Å. The average crystallite size of the
ethanol- and toluene-treated SnS2 was about 16 nm and 8
nm, respectively, as calculated from the FWHM (001) reflection using the Debye-Scherrer formula [18]:
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where B is the breadth of the observed diffraction line at its
half-intensity maximum, k is the so-called shape factor,
which usually takes a value of about 0.9, and λ is the wavelength of X-ray source used in XRD.
By observing Figs. 1 and 2, and taking into account the
above results, we can notice that the large faceted nanostructures observed in Fig. 1b actually consist of small
SnS2 hexagonal nanoparticles (see Fig. 2b), while the small
spherical nanoclusters in Fig. 1a (prepared with ethanol)
are formed also by SnS2 nanoparticles, but of larger size
than those prepared with toluene. Therefore, by varying the
type of solvent we can vary both the size of the nanostructures and the nanoparticles obtained.

Figure 2 XRD patterns of SnS2 nanoparticles prepared with (a)
ethanol and (b) toluene.

3.3 Micro-Raman spectroscopy The crystal phase of
the SnS2 materials was also determined with micro-Raman
spectroscopy. Figure 3 illustrates the Raman spectra of the
SnS2 samples. All of them exhibit a strong Raman peak at
around 310-313 cm−1, which corresponds to the A1g mode
of the hexagonal phase of SnS2 [19-21]. Moreover, no
Raman peaks attributable to crystalline SnO2 are visible
in Fig. 3, suggesting negligible oxidation of the assynthesized SnS2 nanoflakes [22].
However, the first-order Eg mode peaked around 210
cm-1 is not observed in the Raman spectra of our materials.
This feature has also been reported in the literature and it
was attributed to small size of nanoparticles [23-25]. As
for the XRD characterization, the difference of the Raman
peaks intensity and the FWHM were attributed to the cluster size and the nanoparticle size. That is, toluene produces
larger clusters of smaller nanoparticles than ethanol, for
which the opposite occurs (smaller clusters of larger nanoparticles).
3.4 Transmission electron microscopy (TEM) Figure 4 shows the TEM images of the SnS2 nanoparticles
synthetized by the hot-injection method. As can be seen
from Fig. 4(a) and (b), the solvent plays an important role
in the microstructures of the obtained products. A careful
observation shows that with the solvent strongly determines the nanostructured morphology. The formation of
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Figure 3 Micro-Raman spectra of SnS2 nanoparticles prepared
with (a) ethanol and (b) toluene.

complex shaped nanostructures usually involves selfassemble or aggregation processes during the solvent
evaporation. In our case, the as-prepared SnS2 nanoparticles form small spherical clusters when ethanol volatilizes
away, but in the case of the toluene solvent the as-prepared
SnS2 nanoparticles self-assemble to form rod-shaped twodimensional structures.

Figure 4 TEM images of the SnS2 nanoparticles dispersed in (a)
ethanol and (b) toluene.

4 Conclusions A low cost hot-injection technique has
been successfully applied to obtain single-phase SnS2 nanoparticles with different morphology and size depending
upon the used dispersant (ethanol or toluene) in the rinsing
process. The average particle size was 16 and 8 nm, for the
ethanol- and toluene- washed particles, respectively. XRD
and Raman spectra results indicating that the SnS2 nanoparticles have a hexagonal crystal structure. We also observed that in the case of toluene evaporation, two- or
three-dimensional SnS2 nanostructures were formed.
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