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1. Preparation of CT-Salt Particles 

For (TTF)[Ni(dmit)2]2, a 6 mL acetonitrile solution of 30 mg (TTF)3(BF4)2 and 5mg PVP was 

slowly added to a 10 mL acetone solution of 53 mg (n-Bu4N)[Ni(dmit)2] at room temperature.S1,S2  

After 2 h stirring, the suspension was collected by filtration, and dried in vacuo.  Cu(DMDCNQI)2 

was prepared similarly by adding a 5 mL acetonitrile solution of 32 mg CuI and 100 mg PVP to a 20 

mL acetonitrile solution of 46 mg DMDCNQI and 300 mg PVP.S3  For (TTF)(TCNQ), a 5 mL 

acetonitrile solution of 23 mg TTF and 5 mg PVP was slowly added to a 7 mL acetone solution of 23 

mg TCNQ.  For (BEDT-TTF)2I3

(TTF)[Ni(dmit)

, a 10 mL acetonitrile solution of 20 mg iodine and 100 mg PVP 

was added to a 15 mL 1,1,2-trichloroethane solution of 15 mg BEDT-TTF and 150 mg PVP at 70 ℃.  

After 1 h stirring at 70 ℃, this solution was cooled to room temperature and evaporated in vacuo to 

a half volume.  Finally 15 mL methanol was added, and the precipitate was collected by filtration.  

2]2 and (TTF)(TCNQ) were easily dispersed with the use of a small amount of 

PVP, but much more PVP was necessary to obtain satisfactory dispersions of Cu(DMDCNQI)2 and 

(BEDT-TTF)2I3

 

.  As dispersants, we also investigated ionic liquids and conducting polymers, but 

some were not stable in water and others were not sufficiently conducting.  PVP-stabilized particles 

were easiest to handle, most stable, and well dispersed in most organic solvents as well as water.   

2. Patterning and Device Fabrication 

Electrode patterning was achieved by surface selective deposition.  Organic transistors were 

fabricated onto highly doped n-type silicon wafers with a thermally grown silicon dioxide layer of 

300 nm thickness (13 nF/cm2).  After the substrates were treated with hexamethyldisilazane 

(HMDS) vapor, ultraviolet light was irradiated on the electrode area through a shadow mask for 20 

min in order to remove the HMDS layer and to give a hydrophilic region (channel length L = 200 

µm and channel width W =1000 µm).  5 mg of CT salts prepared above were dispersed in 0.5 mL 

ethanol/water (1:1) by 1 h sonication, and dropped onto the substrates several times with a glass 

capillary to give a thin film of the CT salt with a typical thickness of 6-10 µm (Fig. S1).  After 

dried in vacuo, organic semiconductors were thermally evaporated on the room-temperature 

substrates (100 nm for pentacene, 80 nm for C60, and 60 nm for 6T), and the transistor properties 

were recorded both under vacuum and ambient conditions for pentacene and 6T, and under vacuum 
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(10-3 Pa) for C60.  The results under vacuum show essentially the same characteristics, so the results 

in air are depicted in Figs. 2(a) and (b). 

 
Fig. S1  Optical microscopic image of a substrate with patterned (TTF)[Ni(dmit)2]2. 

 
Fig. S2  XRD of PVP-stabilized Cu(DMDCNQI)2

 

 film. 

3. Transistor Characteristics 

Output characteristics of pentacene and C60 transistors with PVP-stabilized (TTF)[Ni(dmit)2]2 

electrodes are depicted in Fig. S3.  Output and transfer characteristics of a pentacene transistor with 

(TTF)[Ni(dmit)2]2 electrodes stabilized by ionic liquid, 1-butyl-3-methylimidazolium BF4

 

 are 

shown in Fig. S4.  Table S1 summarize mobility and other parameters of various transistors 

obtained from average of several devices.  These mobility values are extracted from the transfer 

characteristics.  The total resistance values in Fig. 3 are, however, estimated from the linear region 

of the output characteristics.   

 
Fig. S3  Output characteristics of (a) pentacene and (b) C60 transistors with PVP-stabilized 

(TTF)[Ni(dmit)2]2 electrodes. 
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Fig. S4  (a) Output and (b) transfer characteristics of a pentacene transistor with (TTF)[Ni(dmit)2]2

 

 

electrodes stabilized by ionic liquid. 

 
Table S1  Mobility (µ), threshold voltage (V th), and on/off ratio of thin-film transistors with CT salt 
electrodes.

 

a 

Semiconductor   Electrode µ (cm2/Vs) V th

 
 (V) on/off ratio  

Pentacene TTF[Ni(dmit)2]2  0.22 -12 2 x 10

 TTF[Ni(dmit)

5 

2]2/ILb 0.18 3 4 x 10

 Cu(DMDCNQI)

4 

2  0.23 -6 2 x 105 

 (TTF)(TCNQ)  0.17 -14 9 x 104

 (BEDT-TTF)

  

2I3  0.056 -5 6 x 104

6T TTF[Ni(dmit)

  

2]2  0.047 -14 1 x 104 

 Cu(DMDCNQI)2  0.029 -11 1 x 104

 (TTF)(TCNQ)  0.024 -5 1 x 10

   
4

 (BEDT-TTF)

  

2I3  0.014 -5 2 x 10

C

5 

60 TTF[Ni(dmit)2]2  0.26 n 42 7 x 104 

 Cu(DMDCNQI)2  0.18 n 34 1 x 105 

 (TTF)(TCNQ)  0.19 n 36 8 x 10

 (BEDT-TTF)

4 

2I3 0.12 n 30 4 x 104 

    0.006 n/0.002 p 

a Averaged values for at least several devices.  b

 

 Dispersion in ionic liquid. 

Energy levels of organic materials in Fig. 4 are estimated from the redox potentials (vs. SCE) by 

adding 4.44 eV:S4 4.78 eV for TTF,S5 4.64 eV for TCNQ,S6 4.64 eV for DMDCNQI,S7 4.65 eV for 

[Ni(dmit)2],S8 5.0 eV for BEDT-TTF,S9 4.85 and 3.2 eV for Pentacence,S10 4.9 eV for 6T,S11 and 6.2 

and 3.8 eV for C60.

 

S12 

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



S4 
 

 

References 

S1 F. Wudl, M. L. Kaplan, E. M. Engler, and V. V. Patel, Inorg. Synth., 1979, 19, 27.  

S2 G. Steimecke, H.-J. Sieler, R. Kirmse, and E. Hoyer, Phosphorus Sulfur, 1979, 7, 49. 

S3 A. Aumüller and S. Hünig, Liebig Ann. Chem., 1986, 142.  

S4 H. Meng, L. Zheng, A. J. Lovinger, B.-C. Wand, P. G. V. Patten, and Z. Bao, Chem. Mater., 

2003, 15, 1778. 

S5 G. Schukat, A. M. Richter, and E. Fanghänel, Sulfur Rep., 1987, 7, 155. 

S6 P. W. Kenny, T. H. Jozefiak, and L. L. Miller, J. Org. Chem., 1988, 53, 5007. 

S7 Aumüller and S. Hünig, Liebig Ann. Chem., 1986, 165. 

S8 L. Valade, J.-P. Legros, D. de Montauzon, P. Cassoux, and L. V. Interrante, Israel J. Chem., 1986, 

27, 353. 

S9 T. Suzuki, H. Yamochi, G. Srdanov, K. Hinkelmann, and F. Wudl, J. Am. Chem. Soc., 1989, 111, 

3108. 

S10 T. Yasuda, T. Goto, K. Fujita, and T. Tsutsui, Mol. Cryst. Liq. Cryst., 2006, 444, 219. 

S11 P. Bäuerle in Handbook of Oligo- and Polythiophenes, edited by D. Fichou (Wiley, Weinheim, 

1999) p. 89.  

S12 K. Schulze, C. Urlich, R. Schüppel, K. Leo, M. Pfeiffer, E. Brier, E. Reinold, and P. Bäuerle, 

Adv. Mater., 2006, 18, 2872. 

 

 

 

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



<<

  /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 1.6

  /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 (None)

  /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 <>

    /ENG ()

    /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.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.276 779.528]

>> setpagedevice



