ISSN(PRINT) : 2320 -1967
ISSN(ONLINE) : 2320 =-1975

ORIGINAL ARTICLE

/),
7\
CHEMXPRESs 3(3), 97-100, (2014)

ress

Facile synthesis of SnS tubules

GuangyeWang*, Hairong Ye

PetrochinaJilin Petrochemical Company, Jilin 132021, (CHINA)
E-mail: gywangl2@gmail.com

Abstract : Tin sulfidetubul eshave been synthesized
by ahydrogen-ass sted therma decomposition method
using tin disulfide nanopowdersasthe source materid.
Theas-synthesized SnStubulesareinatypical outer
diameter of 200 to 600 nm and awall thickness of 80

INTRODUCTION

Quasi-one-dimensond nanomateridsprovidenove
research target asidea building blocksfor next gen-
eration of nanodevices, and they haveattracted inten-
siveinterest both scientifically and technol ogical ly™Y.
Nanotubesare aninteresting family of nanostructures
and have been proved to show superior performance
to nanofibrils and nanoparticlesin many application
fieldg3. Sincethereport of carbon nanotubein 1991
by lijima3, nanotubes of many different materidshave
been reported*17,

SnSisasemiconductor with anindirect and adi-
rect bandgap (1.09 and 1.3 eV, respectively), and could
be used as an efficient solar absorber(*¢21, SnS
nanotubes with a pure phase have rarely been re-
ported@!,

Inthiswork, wereport on thefacile synthesis of
SnStubulesby hydrogen-assisted therma decomposi-
tionof SnS, nanopowders.

EXPERIMENTAL

Briefly, 5 g SnS, nanopowders(c.a. 40 nmindi-

nm. Thismethodyiel dshigh-purity orthorhombic phase
SnStubules.  © Global Scientificlnc.

K eywor ds: Tin sulfide; Tubules; Thermal decom-
pogition.

ameter) were put at themiddle of aceramictubeina
furnace, and then the furnace wasflushed with high-
purity argon gasfor 1 h. The furnace was heated to
850 °C in 7 min and kept at this temperature for 2 h
withanAr (90 vol %) / H, (10 vol %) flow rate of 40
scem (standard cubic centimeter per minute), and the
Ar gaswasrun until the furnace cooled down to room
temperatureinthe ambient condition.

Thecollected productswere characterized by x-
ray diffraction (XRD, PW1710instrument with CuKa.
radiation), scanning  ectron microscopy (SEM, JEOL
JSM 6300), and transmission el ectron microscopy
(TEM, Hitachi 800).

RESULTSAND DISCUSSION

Thedark gray wool like product was collected and
examined with X-ray diffraction (XRD). TheXRD pat-
ternin Figure 1 clearly demonstrate the phase purity of
theproduct and dl the diffraction peakscan beindexed
to orthorhombic phase SnS (JCPDS 33-1375).

The morphol ogiesof the product wereobtained by
scanning el ectron microscopy (SEM). Figure 2adis-
playslargescdeof SnSone-dimensiona materids, and
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Figurel: XRD pattern of SnStubules. All thediffraction peakscould beindexed to orthor hombic phase SnS.

Figure2: SEM imagesof SnStubules. (a) L ow-magnification view and (b) high-magnificationviaN. Thearrowsin (b) mark the
openingsof thetubules.
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Figure3: (a) and (b) TEM imagesof SnStubules.

Figure 2b isanother image of the product, wherethe
circular opening at the end of some nanostructures
clearly reved sthat the products aretubules. The SnS
tubulesinthe present study arein atypica outer diam-
eter of 200 to 600 nm and awall thickness of 80 nm,
with length up to hundred micrometers. To further study
the structure of the SnStubules, transmission eectron
microscopy (TEM) wascarried out and typica TEM
imageswereshownin Figure 3. One400 nmthick SnS
tubulewasdisplayedin Figure 3aand two SnStubules
with outer diameter of 300 and 700 nm were exhibited
inFigure3b, respectively.

The hydrogen-ass sted therma decompositionpro-
cess can beexpressed asfollowing:

SnS, +H,— SnS+H,S(T=850°C)
The processissimilar to that adopted by Rao et

allin synthesis of NbS, and TaS, nanotubes.

SnS, and SnS can form layered structures and a
superlatticewith polyhedral shape self-assembled from
SnS/SnSfullerenelikenanoparticleshavebeen reported
recently by Tenneet al™®@. Actudly, asearly asin 1989,
Kaito et al.® observed the formation of B-SnS,
nanotubes although they did not name them as
nanotubes. Li et al 1> suggested arolling of layered
structuresto achieve nanotubes, and provided strong
evidencefor their model. Inaddition, Malouk et al [52
and Domen et al .22 also provided clear evidences
of chemicd transformation of lamellar oxidesinto tubu-
lar structures, and interpreted asrolling process of the
layered structures. Moreover, it hasa so been proposed
that oneof thedriving forcesto form tubulesisthean-
nihilation of dangling bondsat therim of thelayered



100

ChemXpress 3(3), 2014

ORIGINAL ARTICLE

structure??, where thermodynamic considerations
dominate and thetotal free energy of thetubular con-
figurationislower thanthat of thelayered onethat has
unsaturated dangling bands at the periphery of the
nanoparticlesand/or the nanoplatel ets.

CONCLUSIONS

In conclusion, orthorhombic SnStubuleshavebeen
synthesized through ahydrogen-assi sted thermal de-
composition approach at 850°C. The method is facile
and highly reproducible and could be extended to syn-
thesize other sulfidetubules.
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