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Experimental Section

Preparation of CNTs/Au/SnO; hybrid nanotubes: The carbon nanotubes (CNTs) with
diameters of about 30~50 nm purchased from Zimes-nano Nanotech Co. Ltd were
used without further purification. Poly(diallyldimethylammonium chloride) (PDDA),
M,,<500000 Da, and poly(sodium 4-styrenesulfonate) (PSS), My<70000 Da, were
purchased from Alfa Aesar Co. Ltd. The CNTs were firstly modified by
polyelectrolyte (PDDA/PSS/PDDA) in sequence, as was previously reported [15].
Briefly describing, 30 mg CNTs were sonicated for 1 h in 50 ml NaCl (1 M) solution,
and 80 mg PDDA was added, followed with 0.5 h stir. Subsequently, the excessive
PDDA was removed by six cycles of centrifugation/wash. Likewise, the PSS and
PDDA layers were successively coated on the surface of the PDDA modified CNTs,
thus ultimately obtaining the polyelectrolyte modified CNTs. The polyelectrolyte
modified CNTs were put into 100 ml water added with 0.5ml HAuCly solution

(0.25M) and 0.2 g trisodium citrate dihydrate, which was sonicated for 20 min. Then,
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40 ml NaBH; (0.02 g/ml) aqueous solution was slowly dropped into the
above-mentioned solution under sonication. After 1 h reaction, 20 ml SnCly solution
(0.05 M) was dropped into the solution. Finally, the reaction proceeded 3 h under
sonication. The resulting products were centrifuged, washed with distilled water and
ethanol to remove the ions possibly remaining in the final products, and dried at 100
°C in air.

Preparation of CNTs/SnO; nanotubes: The experimental procedures were similar to
that for the preparation of CNTs/Au/SnO, nanotubes without the deposition of Au
nanocrystals on carbon nanotubes.

Preparation of Au and SnO; hybrid nanocrystals: The experimental procedures were
similar to that for the preparation of CNTs/Au/SnO, nanotubes in absence of the
CNTs.

Gas sensor characterization of CNTs/Au/SnO; nanotubes and Au and SnO; hybrid
nanocrystals: The CNTs/Au/SnO; nanotubes films were fabricated on the top of the Pt
electrodes by spin coating, followed by annealing at 100 °C for 3 h before electrical
and sensing measurement. Gas sensor behavior of the CNTs/Au/SnO, nanotubes
based sensor was measured at room temperature using the Keithley 236 Source
Measure Unit. The chamber was firstly purged by N, until a steady baseline of the
sensor resistance was reached. Then the tested vapor, CO, was injected at different
concentrations (500-2500 ppm) in N». In general, the DC voltage was fixed at 10V,
and the changes of current with the time were recorded. The sensitivity S was defined

as I,/1,, where I, and I, are the current through the sensor in the tested gas and that in
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air, respectively. The response and recovery time of the sensor is defined as the time

needed to reach 90% of the original resistance.

Figure S1 TEM images of the CNTs/Au hybrids generated by addition of 2 ml
HAuCly (0.025 M) solution as the reactant without polyelectrolyte
modification (a) and with two-layer polyelectrolyte modification (b).
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Figure S2 TEM images of the CNTs/Au hybrids generated by addition of 0.5
(a), (b) and 2 ml HAuCls (c¢) (d) (0.025 M) solution as the reactant,
respectively.
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Figure S3 TEM images of the CNTs/Au hybrids generated by addition of 2 ml
HAuCly (0.025 M) solution as the reactant in absence of trisodium citrate
dehydrate.
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Figure S4 XPS spectra of CNTs/Au/SnO, nanotubes.

To determine the elements and their valence presented in the coating layer on the
CNTs, X-ray photoelectron spectroscopy (XPS) analysis was carried out. Figure S4a
shows the survey spectrum of CNTs/Au/SnO; nanotubes. The detected elements are
tin (Sn 3p, 3d, 4s, 4p, 4d), aurum (Au 4s, 4p, 4d, 4f), oxygen (O 1s), sodium (Na 1s)
and carbon (C 1s). Sodium and aurum comes from the polyelectrolyte and metal Au
nanocrystals, respectively. Tin and oxygen are expected from the chemical
composition of SnO,. Figure S4b shows the multiplex spectrum of Au peaks. Double
peaks with binding energies of 84.3 eV and 87.9 eV correspond to Au 4fs;, and Au

413, of metal Aurum, respectively. [17] The XPS of the regions of Sn 3d from
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CNTs/Au/SnO; nanotubes is shown in Figure S4c. The peaks of tin at 487.6 eV and
496.0 eV can be assigned to Sn 3ds», and 3djn, respectively, which are close to
standard data for SnO,. [18] Figure S4d shows the XPS C Is spectrum of the
as-synthesized CNTs/Au/SnO, nanotubes. The peak at 284.6 eV is due to the

graphite-like carbon atoms of the tube wall. [19]
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Figure S5 Sensitivity response versus CO, CH4 and ethanol with the same
concentration of 500 ppm based on CNTs/Au/SnO, and CNTs/SnO;
nanocrystals hybrids.

In order to identify the selectivity, the CNTs/Au/SnO; nanotubes and CNTs/SnO,
nanotubes were applied in CO, CHy and ethanol gas sensor with the same
concentration of 500 ppm (figure S3). As can be seen, CNTs/Au/SnO, nanotubes
show much higher sensitivity to CO than CH4 and ethanol (more than double). On the
contrary, the difference of the sensitivity to CO, CH4 and ethanol based on
CNTs/SnO;, nanotubes gas sensors is small and the sensitivity is relatively low.
Therefore, the gas sensor based on CNTs/Au/SnO, nanotubes shows better selectivity

to CO than that based on CNTs/SnO; nanotubes gas sensors.




<<
  /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
  /CreateJDFFile false
  /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

  /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


