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Experimental section

In a typical experiment, 0.8grams of InCl;-4H,0 was dissolved in 15.0 mL anhydrous ethanol, then 0.5
mL formamide was added to form a clear solution. Under a vigorously stirring, into the solution 1.2g of
SDBS was added to form a slurry, and 15.0 mL slurry was poured into a 20.0 mL stainless steel autoclave
with a lined Teflon, and heated at 140 °C for 8 h. The formed precipitate was obtained with centrifugation,
washed with water and dried at 80 °C. After then the precipitate was annealed in a tubular oven at 300 °C
for 0.5 h under ambient pressure.

The phase structures of the samples were identified using XRD technique on a Rigaku D/Max 2200 PC
diffractometer with CuKa radiation (A=0.15418 nm) and graphite monochromator (scan rate: 10°/min, scan
step: 0.02°), and their morphology and microstructures were characterized using transmission electron
microscope (TEM, JEM100-CXII) and high-resolution TEM (HRTEM, JEM-2100). The Fourier transform
infrared (FT-IR) spectra were recorded on a Nicolet SDX FF-IR spectrometer using KBr pellet technique,
and the thermogravimetric analysis (TGA) was carried out on a thermal analyzer (Perkin-Elmer Diamond
TG/DTA instrument) at a heating rate of 10 °C-min”' under air atmosphere.

The electronic properties of the field effect transistors (FET) devices were measured on the Keithley
4200-SCS Semiconductor Characterization System under Ar and air atmospheres, respectively. To measure
the electronic properties, the samples were firstly dispersed in anhydrous ethanol (2.5 wt %) to form the
suspension solution and then three drops of the suspension were dropped onto an n-doped silicon wafer
covered with 500 nm thick SiO,, the nanotubes self-aligned to form a thin film after the solvent evaporation,
then the gold electrodes with the dimension of 28.6 mm width x 0.24 mm length were evaporated by using

shadow mask, in which the n-type Si was used as a back gate.
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Fig. S1. FT-IR spectrum (a) and TG curve (b) of InOOH nanotubes. The hydrothermal reaction conditions:
temperature: 140 °C, reaction time: 10 h.

The IR spectrum shows that the InOOH nanotubes contain the surfactant molecules as well as the
absorbed water besides the abundant hydroxyls. The band around 500 cm™ is attributed to the In-O
vibration absorption,' and those at ¢a.3000 to 2800 cm™ are assigned to the C-H vibrations of alkane
chain.? The absorptions at 1600 to 1400 cm™ are due to the C=C bands of benzene ring, and that at 831
cm’ results from the C-H vibration of 1,4 substituted benzene ring.3 The bands at 1200 to 1008 cm™ are the
characteristics of the S-O symmetry and asymmetry vibrations of alkyl benzene sulfonate.* These confirm
the existence of absorbed DBS on the InOOH nanotubes. A little absorbed water is also proved by the peak
at ca.1610 cm™. In addition to the strong absorption at 3400 cm™, the O-H vibration of INOOH can also be
confirmed by the broad band at 1957 cm™ and the weak one at 2720 cm™."” TG analysis shows a whole
weight loss of ca. 29% when the product is heated from room temperature to 860 °C, from which it is

estimated that the content of the surfactant molecules together with the absorbed water is ca. 24.4%.
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Fig. S2. FTIR spectrum (a) and TG curve (b) of the In,O; nanotubes.
The annealed In,O3 nanotubes still contain the surfactant molecules as well as the absorbed water, which
is ca. 18% estimated from the TGA curve. Moreover, the O-H adsorptions ((1957 cm™ and 2720 cm™) of

InOOH (Fig. S1a) after annealing treatment disappear (Fig. S2a).
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Fig. S3. Schematic cross-sectional view of the device.
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Fig. S4. (a) The output characteristics of the In,O; nanotube FET devices measured in Ar gas at room
temperature. The inset is the transfer characteristic of the device measured at V4=50 mV. (b) The I-V
curves of the InOOH nanotube FET measured in Ar gas at room temperature. The gate voltages are 5, 3, 1,
0, -1, -3, and -5 V from bottom to top.

The output characteristics of FET device measured in Ar gas at room temperature exhibit the p-type
channel behavior demonstrated by the decreasing drain current (/4) as the gate voltage (V) steps to more
positive values (Fig. S5a). It indicates the formation of strong inversion layer on the surface of the n-type
In,0; coating, in which the concentration of carriers (holes) is much larger than the equilibrium concentration
of the electron in the bulk In,O5 coating. The transfer characteristic of the device measured at V3=50 mV

shows that the hole carriers are depleted when the gate voltage increases to ca.-0.5 V. The mobility of the
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carriers is estimated to be 20.8 cm?/Vs from the slope d[ds/dVg:1.24><1O'6 A/V at V4=0.05 V as determined
from the linear portion of the I4-V, curve according to the linear region transistor equation, Ig=
(WIL)uCo(Ve-V1) Vas.? Such electronic properties are similar to the single-walled carbon nanotubes (SWNTS)
FETs,” in which the p-type channel conduction behavior is attributed to the O, molecules adsorption on
SWNT side walls for their electron-withdrawing capability.® However, the measurement after exposure the
FET devices in air for several days demonstrates that the p-type channel conduction characteristics still
remain, indicating that the O, molecules doesn’t affect the transfer characteristics. The results are highly
reproducible with tens of independent In,O3 nanotubes’ FETs, showing that the devices possess stable p-type
channels conduction behavior.

References

(1) H. Zhu, K. Yao, H. Zhang, D. Yang, J. Phys. Chem. B 2005, 109, 20676.

(2) L. J. Bellamy (7Trans: W. Huang, C. Nie,), Infrared Spectrum of Complicated Molecules (in Chinese),
Science Press, Beijing, 1975, p6.

(3) ibid, p74.

(4) X. Xing, S. Chen, S. Me, The workable index of infrared spectra (in Chinese), Tianjin Science and

Technology Press, Tianjin, 1992, p301.

(5) V. C. Farmer, (Trans: Y. Ying, S. Wang, C. Li, X. Han, Z. Li, Y. Li,) The infrared spectra of minerals
(in Chinese), Science Press, Beijing, 1982, p119.

(6) Y. Chen, W. Su, M. Bai, J. Jiang, X. Li, Y. Liu, L. Wang and S. Wang, J. Am. Chem. Soc. 2005, 127,
15700.

(7) (a) C. Lu, Q. Fu, S. Huang and J. Liu, Nano Lett. 2004, 4, 623; (b) M. Shim, A. Javey, N. W. S. Kam
and H. Dai, J. Am. Chem. Soc. 2001, 123, 11512.

(8) P. G. Collins, K. Bradley, M. Ishigami and A. Zettl, Science 2000, 287, 1801; (b) S. H. Jhi, S. G. Louie

and M. L. Cohen, Phys. Rev. Lett. 2000, 85, 1710.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /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 false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /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 false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


