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1. The mode of spectroelectrochemical measurements.

The electronic spectra of both conducting polymers were measured from neutral
to highly doped state using a strict sequence of the preceding and following
electrochemical steps: (i) the film was initially polarized at -0.5 V for half-an-hour
(for n-doping the initial potential was -1.0 V); (ii) a linear voltage scan (LVS) was
applied at 20 mVs™ from this potential to the desired potential, let us say, X V; (iii)
the film was polarized at this potential for a period of time between 50 and 150 s
(shorter time was used at high polarizations); (iv) absorption spectra were measured
under constant polarization at X V; (v) the LVS was performed down to -0.5V and
polarized at this potential for 100 s; (vi) two consecutive CV curves were measured
between the initial potential of 0 V and X V. In the following spectroelectrochemical
measurement, the operations from (ii) to (vi) were repeated.

Note that probing the film with CV after constant potential polarization during the
electronic spectra measurements allowed us to monitor current redox-state of the
polymer film and, qualitatively, the charge carriers dynamics. If, for example, after
reaching an extreme potential of the film polarization, the absorption peak of
PMOThOD in the vicinity of 475 nm increases rather than decreases, this means that
after the preceding neutralization step by CV the resulting neutral form of the
polymer may coexist with the charged forms, because the bulk effective electronic
conductance is not high enough to complete the oxidation of the neutral forms at not
enough slow potential scan rates (the difference in the conduction paths will be
revealed). This indicates non-uniform character of the doping process, which can be
usually reduced at slower rates of cycling. Examples: the p-overdoped PMOThOD
(figure la) shows the presence of the neutral form whereas the heavily n-doped
PMOTOOD (figure Ic¢) is a fast electronic conductor with no indication of the neutral
forms at all. This effect is an early indication of the beginning of the irreversible

degradation of the polymer film, resulting in a drastic decrease in the intensity of the
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@, and @, transitions, and the characteristic blue shift in the m-m* transition. A
combination of both effects with the dominance of irreversible changes under

overcharges is seen for the p- and n-doed POTh (figures 1b and d, respectively).

Strictly speaking, the optical absorption spectra in our work were measured under
quasi-stationary conditions, so that they should be compared with the slow scan rate
CV. This may result in an unreasonably long time of the measurements, so that a
compromise was to choose 20 and 40 mVs' for the POTh and PMOThOD,
respectively. ITO may also induce increases Ohmic drops when using fast scan rate
CV. Thus in order to check the redox-state of the PMOThOD at the extreme cathodic
and anodic polarizations we used slow scan rate CV on a Pt wire covered with the

polymeric film (see figure 4).
2. The procedure of the in situ conductance measurements

The interdigitated array electrode used (purchased from Abtech Scientific (VA))
had two sets of comb-type arrays: 100 A Ti/1000 A Pt on a borosilicate glass (totally,
50 arrays). They were Sum wide and 3 mm long, separated by Sum insulating gaps
from its adjacent elements. The gaps between two sets of arrays were bridged by a
conducting polymer film under study deposited using anodic polymerization of the
related monomeric species. Simultaneous measurements of CV curves and in situ
electronic conductance were performed using Autolab 20 supplied with a
bipotentiostat module (Eco Chemie, Inc., The Netherlands). One set of Pt arrays,
served as working electrode WEI, polarized with respect to the high surface area Pt
CE with Ag/Ag" RE. The second set of Pt arrays was connected as the working

electrode WE2 to the bipotentiostat. A small constant potential difference (5 mV) was
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3.

maintained between WE1 and WE2, whereas two currents, I; between the WEI and
CE, and I, between the WE1 and WE2 were measured during potentiodynamic scans.
Assuming that a small potential difference does not virtually change the redox-state
of the polymeric film, the current of the related voltammetric response can be
evaluated as the average of the currents I; and I, (i.e. (I} + 1;)/2 ) whereas the
conductivity is calculated from the ohmic current flowing through the film; the
current is thus equal to the half of their difference: (I} — 1,)/2 ). We report the absolute
values (unless otherwise indicated) of the conductance of the polymeric film
deposited on the interdigitated electrode obtained by dividing the ohmic current by

the applied small potential difference of 5 mV.

Figures 1S and 2S
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Figure 1S: Cyclic voltammograms of p-, and n-doped PMOThOD film electrode
(the black curve) and POTh (the blue curve, see panels a and b, respectively) on
ITO support used for an estimation of the difference in the band gaps of these
polymers. The vertical dotted lines mark the peaks of the related undoping
reactions.
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Figure 2S: The plot of the absorbance vs. dimensionless
doping level X for the n-doped PMOThOD film electrode
appearing at @ (calculated from the data of figure 1c)




<<
  /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


