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Experimental
a. Preparation of SnO, nanowires

The single-crystal SnO, nanowires were synthesized on an alumina substrate by
thermal evaporation with high purity Sn powders (0.4 g, Aldrich, 99.99%) used as the
evaporation precursors in an alumina boat. Before synthesizing the SnO, nanowires,a
5 nm Au film coated on to an alumina substrate was served as the catalyst, which

indicates that the growth of the single-crystal SnO, nanowires follows a
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catalyst-assisted vapor-liquid-solid (VLS) mechanism.' The temperature of the system
was raised to 950 °C at 20 °C /min with Ar at a fixed flow rate of 10 sccm, kept at that
temperature (950 °C) for 1 h under a mixed gas of 10 sccm Ar and 4 sccm O,, and
then cooled to room temperature without any O, being introduced. During the growth,

the pressure of the quartz tube was maintained at 1 Torr.

b. Morphology, crystal structure and chemical composition of SnO; nanowires
The morphology, crystal structure and chemical composition of the SnO,
nanowires were characterized using a field emission scanning electron microscope
(FESEM, JEOL JSM-6500F), a MAC glancing incident x-ray diffraction spectrometer,
and x-ray photoelectron spectroscopy (XPS Perkin—Elmer Model PHI1600 system)
using a single Mg-K,, (1253.6eV) x-ray sources operated at 250 W. Energy calibration
was conducted using the Au 4f;, peak at 83.8 eV, and the energy resolution was 0.2
eV for the core-level spectra. The binding energy (BE) scales have been referenced to
the C 1s orbital at 285.0 eV, arising from the carbon contamination on the surface of

the samples.

Results

a. XPS analysis of pristine SnO2 nanowires
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In Figure S2a, the Sn 3d core-level spectrum includes two peaks: Sn 3d;/, peak
at 495.7 eV is ascribed to Sn4+, whereas the Sn 3ds, peak at 487.1 eV is ascribed to
Sn*" and Sn’. Figure S2b is the O 1s core-level spectrum, which can be deconvoluted
into two peaks assigned to Sn-O (530.7 eV) and O-H (532.5 eV). This indicates that
the nanowires consist of a mixture of Sn’, Sn** and Sn*".*> The O-H peak resulting
from the H,O species present as a residue on the alumina substrate or from the quartz
tube during the thermal evaporation, and the dissociated H,O molecules can be
absorbed on to an oxygen bridging vacancy to form hydroxyl groups, which are
subsequently incorporated into the nanowires during crystal growth.*® Consequently,

there are a large amount of OH groups on SnO, nanowire surface.

b. The analysis of the lattice spacings and angles between reflections

From the XRD analysis, SnO, nanowires have the tetragonal rutile crystal
structure with the lattice constants, a = b = 4.738 A, and ¢ = 3.188 A, which is
consistent with the single crystal SnO,. Furthermore, based on the theory of
crystallography, the angle € between two planes in a tetragonal system with Miller

indices (h1kily) and (hykyly) s given by
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So the angle between the (101) plane and (200) is calculated to be about 56°, and the
angle between the (101) plane and (101) is calculated to be 112°, which is in good

agreement with SAED pattern.
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Figure S1 (a) FESEM image and (b) x-ray diffraction pattern of SnO, nanowires

synthesized by thermal evaporation.
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Figure S2 (a) Sn 3d and (b) O 1s XPS core-level spectra of SnO, nanowires

synthesized by thermal evaporation.
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Figure S3 A x-ray diffraction pattern of Pt-decorated SnO, nanowires, showing that

the ALD of Pt nanoparticles having FCC structure.
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Figure S4 Schematic picture of the SnO, nanowire-based gas sensors.
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Figure S5 Gas sensitivity of the gas sensors tested for 100-500 ppm ethanol vapor at

200 °C fabricated from the (a) pristine SnO, nanowires, and after ALD of Pt for (b)

50, (c) 100, (d) 150, (e) 200, and (f) 250 cycles.

References

1. Z.R.Dai, Z. W. Pan and Z. L. Wang, Adv. Mater., 2003, 13, 9.

2. T Tateishi, Y. Ito and Y. Okazaki, Materials Transactions, 1997, 38, 78.
8



Electronic Supplementary Material (ESI) for Journal of Materials Chemistry
This journal is © The Royal Society of Chemistry 2011

3. J. Chastain and R. C. King (Eds.), Handbook of X-ray Photoelectron Spectroscopy,
Physical Electronics, Eden Prairie, 1995.

4. B. Erdem, R. A. Hunsicker, G. W. Simmons, E. D. Sudol, V. L. Dimonie and M.
S. El-Aasser, Langmuir, 2001, 17, 2664.

5. J.M. Wu, Jpn. J. Appl. Phys., 2008, 47, 383.

6. Y. H. Lin, Y. C. Hsueh, P. S. Lee, C. C. Wang, J. R. Chen, J. M. Wu, T. P. Perng

and H. C. Shih, J. Electrochem. Soc., 2010, 157, K206.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


