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Two-dimensional SnS nanosheets fabricated

by a novel hydrothermal method
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Two-dimensional (2D) Tin (II) sulfide (SnS) nanosheets were successfully synthesized by a
novel thioglycolic acid (TGA) assisted hydrothermal method. X-ray diffraction
characterization reveals that the product is well-crystallized SnS with orthorhombic
structure. Transmission electron microscopy observation shows that the SnS crystals
display 2D sheet-like nanomorphology. Further structure characterization by selected area
electron diffraction identifies that the SnS nanosheets are single crystalline in nature.
Furthermore, the mechanism and critical factors for the TGA-assisted hydrothermal
synthesis of the SnS nanosheets have been preliminarily discussed.
C© 2005 Springer Science + Business Media, Inc.

1. Introduction
Semiconductor nanostructures have been attracting
worldwide attention due to their exceptional eletrical,
optical and magnetic properties, and their potential ap-
plications in nanoscale eletronics, photonics and func-
tional materials as well [1–3]. Among them, tin (II)
sulphide (SnS) has sparked intensive interest for its
semiconducting and optical properties. SnS, as one of
important IV–VI group semiconductors, exhibits both
the p- and n-type conduction depending on the con-
centration of tin [4] and has an energy band gap of
about 1.3 eV [5], between those of Si and GaAs. Nor-
mally, SnS has orthorhombic structure composing dou-
ble layers of tightly bound Sn-S atoms with the bond-
ing between layers extremely weak due to Van der
Vaals forces [6]. Additionally, it has the advantage
of its constituent elements being abundant in nature
and not posing any health and environmental hazards.
Therefore, SnS can be potentially used as a solar ab-
sorber in a thin film solar cell and near-infrared de-
tector [7, 8], as photovoltaic materials [9] and as a
holographic recording medium [10]. Therefore, Sin-
gle crystalline SnS nanosheets reported in this paper
are expected to offer enhanced properties. Therefore,
it is important to investigate practical synthesis routes
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for novel SnS nanostructures, preferentially in single
crystalline.

Tin sulfides show a variety of phases, such as
SnS, Sn2S3, Sn3S4 and SnS2, due to the versatile
coordinating characteristics of tin and sulfur [11].
Normally, crystalline tin sulfides have been prepared
by a varity of methods, such as direct vapor trans-
port method [12], stoichiometric composition tech-
nique [13], physical vapor transport method [14] and
Bridgman-Stockbarger technique [15]. In recent years,
thin films of SnS have been investigated widely due
to their applications in photovoltaic and photoelectro-
chemical (PEC) solar cells. SnS thin films have been
prepared by spray pyrolytic deposition [16], eletro-
chemical depostion [17, 18], chemical vapor deposi-
tion [19, 20] and chemical bath deposition [21]. To
our knowledge, preparation of novel sheet-like SnS
nanostructures has not been reported. Qian et al. has re-
ported solvothermal synthesis of SnS layered nanocrys-
tallines and micrometer crystal belts using benzene and
ethylenediamine as the solvent, respectively [22, 23].
In this paper, we have presented single crystalline SnS
nanosheets prepared by a thioglyeolic acid (TGA) as-
sisted hydrothermal method, which proves milder, sim-
pler, more practical, and more environmentally friendly
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than the solvothermal method. The synythesis route re-
ported here offers great opportunity for scale-up prepa-
ration of SnS nanostructures.

2. Experimental details
All the reagents were of analytical grade without further
purification. 0.001 mol of SnCl2·H2O powder, 50 µL
of thioglyeolic acid (TGA) and 100 ml of Na2S aque-
ous solution with a concentration of 0.1 M were mixed
slowly under stirring. After 10 min stirring, the final
aqueous solution was transferred into a Teflon-lined
autoclave of 150 ml capacity. The autoclave was main-
tained at 200◦C for 48 h, and then cooled to room tem-
perature naturally. The mixture turned black due to the
formation of the SnS precipitates. The product was cen-
trifugalized, washed with alcohol and deionized water
for 3 times to remove the ions possibly remaining in
the final product and finally dried at 60◦C for 30 min
in air.

An X-ray diffraction (XRD) pattern was obtained on
a Rigaku D/max-ga X-ray diffractometer with graphite
monochromatized CuKa radiation (λ = 1.54178 Å).
Transmission electron microscopy (TEM) observation
was performed on a Philips CM200 high-resolution
transmission electron microscope (HRTEM) with an
accelerating voltage of 200 kV.

3. Results and discussion
The XRD pattern of the as-prepared product is shown
in Fig. 1. All the peaks of Fig. 1 can be indexed to the or-
thorhombic structure with lattice constants a = 4.33,
b = 11.19, c = 3.98 Å, which are very consistent
with the values in the standard card of SnS phase
(JCPDS No. 39-0354). The strong and sharp diffrac-
tion peaks of Fig. 1 suggest that the SnS nanosheets
are well crystallized. In addition, the XRD pattern of
Fig. 1 is distinctive for the relative intensites of its
sharp peaks greatly deviate from those of the standard
card (JCPDS No. 39-0354). The great deviation re-
sulted from highly anisotropic growth of the SnS crys-
tals. The relative intensities of all sharp XRD peaks

Figure 1 XRD pattern of the SnS nanosheets prepared by the TGA-
assisted hydrothermal method.

Figure 2 The relative intensities of sharp XRD peaks of the SnS
nanosheets and the values in standard card (JCPDS No. 39-0354).

of the SnS nanosheets and the standard card (JCPDS
No. 39-0354) are shown in Fig. 2. Fig. 2 illustrates that
all the relative intensities of the SnS nanosheets is much
smaller than those of the standard card except for those
of (040) and (080) faces. It can be concluded that the
SnS nanosheets might have a preferential [010] growth
direction. More interestingly, the peak of (111) crystal
face, the strongest peak in the standard card, dramat-
ically decreases to almost zero. We conclude that the
growth of the SnS nanosheets along [111] direction was
strongly held back. Consequently, it can be concluded
that the surface of the nanosheets may be (111) crystal
face.

Typical TEM images and selected area electron
diffraction (SAED) pattern of the SnS nanosheets are
shown in Fig. 3, which reveal that the SnS crystals
are of a novel sheet-like nanomorphology with sev-
eral micrometers in width. Fringe contrast is observed
in the TEM images of the SnS nanosheets and it is
clearly shown in the amplified TEM image of a sin-
gle nanosheet as illustrated in Fig. 3b. The forma-
tion of the fringe contrast of the TEM images was
due to minute bending of the SnS nanosheets resulted
from stress. Further structure characterization by SAED
shows that the SnS nanosheets are single crystalline
in nature, and the typical SAED pattern is presented
in Fig. 3d. As discussed above, the SAED pattern of
Fig. 3d can be indexed as the orthorhombic structure.
According to their orthorhombic structure of the SnS
nanosheets and SAED pattern of Fig. 3d, it can be
concluded that the zone axis direction of the SAED
pattern is [111] direction. In other words, the sur-
face of the SnS nanosheet is (111) crystal face, be-
ing very consistent with the conclusion drawn from
Fig. 2.

The formation mechanism of the SnS nanosheets is
an interesting subject. Jinwoo Cheon et al. reported that
the final shape of the obtained crystals is determined
by competitive growth along different crystalline di-
rections [24]. As discussed above, the SnS nanosheets
were formed because the growth of the SnS nuclei
along [111] direction was greatly held back and the
growth along directions perpendicular to [111] direc-
tion was prefered. Based on above discussion, a sketch
of growth mechanism of the SnS nanosheets under the
TGA-assisted hydrothermal condition was put forward
and is shown in Fig. 4.
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Figure 3 TEM images and SAED pattern of the SnS nanosheet: (a) TEM image of several SnS nanosheets, (b) amplified TEM image of a single
nanosheet, (c) TEM image of a single nanosheet, and (d) SAED pattern of the nanosheet.

Figure 4 Schematic illustration of the growth mechanism of the SnS
nanosheets.

In our synthetic system, the formation of the SnS
nanosheets implied the nucleation and growth of the
SnS crystals were well controlled. We believe that the
TGA, which was used as a stability agent preventing
nanocrystals from aggregating [25, 26], played a critical
role on controlling the nucleation and growth of the SnS
nanosheets. The detailed mechanism can be expressed

as follows:

SnCl2 + Na2S ⇒ SnS ↓ +2NaCl (1)

mSnS + kHSCH2COOH + kSn2+ ⇒ (SnS)m

× (SnSCH2COOH)k+
k + kH+ (2)

(SnS)m(SnSCH2COOH)k+
k ⇒ (SnS)m(Sn2+)k

+ kSCH2COOH− (3)

(SnS)m(Sn2+)k + kS2− ⇒ (m + k)SnS (4)

Prior to the hydrothermal process, SnS nuclei were
formed via reactions (1). Compared with the conven-
tional hydrothermal process, in the TGA-assisted hy-
drothermal process the marked difference is the forma-
tion of (SnS)m(SnSCH2COOH)k+

k complex clusters in
the solution via reaction (2). Reaction (3) represents
the dissociation of SCH2COOH− from the SnS com-
plex clusters. Furthermore, We believe that the disso-
ciation of SCH2COOH− occured in a local region of
the complexed SnS cluster, where there were Sn2+ ex-
posed to the S2− existing in the solution. Therefore,
during the TGA-assisted hydrothermal process, the for-
mation of the SnS nanosheets proceeded along specific
directions.
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Figure 5 TEM images of the products synthesized by changing one of the synthesis factors (TGA, Sn/S ratio and hydrothermal temperature) while
keeping other conditions unchanged: (a) synthesized by non-TGA-assisted hydrothermal process, (b) synthesized by using the Sn-S ratio of 1:4, (c)
synthesized by using the Sn-S ratio of 1:2, and (d) hydrothermally synthesized at 120◦C.

In the TGA-assisted hydrothermal process, TGA,
Sn/S ratio and hydrothermal temperature make criti-
cal roles in the formation of the SnS nanosheets. To
verify these points, non-TGA-assisted hydrothermal
process was employed to synthesize SnS, while keep-
ing other conditions unchanged. In this case, only ir-
regular SnS nanoparticles was obtained as shown in
Fig. 5a. Different Sn-S ratios such as 1:4 and 1:2 were
used while keeping other conditions unchanged. Con-
sequently, SnS2 nanobelts and particles were obtained,
respectively. Their TEM images are shown in Fig. 5b
and c, respectively. When the hydrothermal temper-
ature decreased to 120◦C, irregular particles of SnS
and SnO were obtained as shown in Fig. 5d. There-
fore, TGA, Sn-S ratio and hydrothermal temperature
are three key factors for the hydrothermal synthesis of
the SnS nanosheets.

4. Conclusion
In summary, novle single-crystalline SnS nanosheets
have been successfully prepared by a TGA-assisted
hydrothermal method, with the advantages of simplic-
ity, cost-effectiveness and reduced environmental im-
pact. The growth mechanism and critical factors for
the TGA-assisted hydrothermal synthesis of the SnS
nanosheets have been discussed. Furthermore, it is rea-
sonable to believe that the TGA-assisted hydrothermal
process offers great opportunities for scale-up prepara-
tion of other chalcogenide nanostructures.
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