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OTFT Results for freshly synthesized polymers 

TFT devices were fabricated on Si/SiO2 wafers in the top contact geometry using 45-50 nm 

of gold as the electrodes. All device fabrication for the M1, M2, and M3 polymers was 

performed in air except for the final metal deposition step, which was performed under high 

vacuum.  

 The polymer layer was applied by spin casting a solution of the freshly synthesized 

polymer in anhydrous oDCB (M1 2.5 mg/mL, M2 2.0 mg/mL, M3 2.0 mg/mL) at 1100 rpm. 

The M1 polymer solution was heated to 40 °C and the M2 and M3 polymer solutions were 

heated to 60 °C prior to spin coating to form clear solutions. All solutions were filtered using 



Supplementary Material (ESI) for Journal of Materials Chemistry 

This journal is (c) The Royal Society of Chemistry 2010 

Supplementary information: OTFT Performance of air-stable ester-functionalized polythiophenes 

Peter D. Kazarinoff, Patrick J. Shamburger, Fumio S. Ohuchi, and Christine K. Luscombe 

S2 

 

a 0.2 μm PTFE filter before spin casting. The substrates were heated on a 80 °C hot plate 

prior to spin coating in order to maintain polymer solubility. TFT devices were annealed in 

air at 110 °C for 10 mintues. 

 Inter-digitated source and drain electrodes made of gold (W = 9000 μm, L= 90 μm) 

with an aspect ratio (W/L) of 100 were deposited on top of the polymer active layer by 

evaporating a 50 nm thick gold film at 0.5 Å/s through a shadow mask from a resistively 

heated Mo boat under high vacuum (2.0 × 10-6 torr). The devices were tested in air as p-type 

TFTs using an Agilent 4155B semiconductor parameter analyzer. Further device testing was 

conducted one month after fabrication. During storage, the devices were kept in air and 

protected from light.  The source, drain and gate electrodes of the TFT devices were 

connected to the parameter analyzer using thin pin electrodes. Two test types were conducted 

with each device, a transfer curve and a set of family curves. Family curves were obtained by 

measuring the drain current of the transistor compared to the source-drain voltage at different 

discrete gate voltages. Transfer curves were obtained by measuring the source-drain current 

while varying the gate voltage at a constant source-drain voltage. At least 6 devices were 

fabricated using each polymer and the average mobility is presented in this paper 
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 Devices constructed using 

polymers stored in air for 1 year 

Devices constructed using newly 

synthesized polymers 

Polymer Mobility 

(cm2/Vs) 

On/off ratio Mobility 

(cm2/Vs) 

On/off ratio 

M1a 
3.3 × 10-3  

± 5 × 10-4 
105 

3.0 × 10-3  

± 5 × 10-4 
105 

M2a 
2 × 10-4  

± 1 × 10-4 
105 

2 × 10-4  

± 1 × 10-4 
105 

M3a 
4 × 10-4  

± 1 × 10-4 
103 

4 × 10-4  

± 1 × 10-4 
103 

Table S1 TFT Results for polymers M1, M2 and M3 stored in air for 1 year, and newly synthesized. 

 

Cyclic voltammetry (CV) 

Cyclic voltammetry (CV) was conducted at room temperature in a typical three-electrode 

cell with a working electrode (Pt wire), a reference electrode (Ag/Ag+, referenced against 

ferrocene/ferrocenium (FOC)), and a counter electrode (Pt gauze) under a nitrogen 

atmosphere at a sweeping rate of 50 mV s-1 (CV-50W voltammetric analyzer, BAS). A Pt 

electrode was dipcoated into a polymer solution, and used as the working electrode. The M1 

polymer was annealed at 200 °C, M2 at 180 °C, and M3 polymer was annealed at 170 °C. 

CV measurements were performed in an electrolyte solution of 0.1 M tetrabutylammonium 

hexafluorophosphate (TBAHFP) in anhydrous acetonitrile. Polymer films were made by 

dipping a working Pt electrode in a CHCl3 solution of the polymer, then annealing the 
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electrode on a hot plate, under a nitrogen atmosphere for 20 minutes.  After bubbling the 

electrolyte solution with nitrogen gas for 10 minutes, a scan rate of 50 mV s-1 was employed 

for all measurements. Each polymer showed a chemically reversible redox process in the 

positive direction, with small fluctuations in peak height which stabilized after approximately 

four scans.  The CV of ferrocene was conducted immediately after the polymers were 

measured, and used as an internal standard. The HOMO level of all three polymers was 

calculated from the onset potentials determined by the intersection of two tangents drawn at 

the rising current and background current of the cyclic voltammograms (see supporting 

information), and using 4.8 eV as the reference energy level of ferrocene compared to 

vaccum.1 The reduction reactions during CV measurements of M1 and M3 were 

irreproducible, but shown here for comparison. 

 
Fig. S1 Cyclicvoltammograms of M1, M2 and M3 vs. Ag/AgNO3. 
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Differential scanning calorimetry (DSC) 

Thermal transitions were measured by DSC using a Texas Instruments DSC2010 with a 

heating and cooling rate of 5 °C min-1 under a constant flow of nitrogen. 

 

 
Fig. S2 DSC thermograms of M1, M2 and M3. 

 

 

X-Ray diffraction (XRD) 

X-Ray diffraction measurements were performed on a Bruker D8 X-ray diffractometer 

using an accelerating voltage of 40 kV and a Cu-Kα source.  The three polymers were drop 

cast on Si/SiO2 wafers (as used in the TFT devices) from oDCB solution, and dried in the 

presence of solvent vapor to produce uniform thick films.  The M1 film was annealed at 200 

°C, M2 at 180 °C, and M3 at 170 °C. 



Supplementary Material (ESI) for Journal of Materials Chemistry 

This journal is (c) The Royal Society of Chemistry 2010 

Supplementary information: OTFT Performance of air-stable ester-functionalized polythiophenes 

Peter D. Kazarinoff, Patrick J. Shamburger, Fumio S. Ohuchi, and Christine K. Luscombe 

S6 

 

 
Fig. S3 XRD analysis of M1, M2 and M3 polymer thick films on Si/SiO2 wafers. 

 

References 

1. Y. F. Li, Y. Cao, J. Gao, D. L. Wang, G. Yu and A. J. Heeger, Synth. Met., 1999, 99, 
243-248. 



<<
  /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


