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Preparation of the PCDTBT nanofibers

Previous efforts toward developing OPV devices using electrospinning techniques have
explored the use of P3HT:PCBM fibers as an active layer' or metal oxide nanofibers as an
electron acceptor.” ® The preparation of an electron donor layer using electrospinning
techniques has not yet been investigated because fiber diameters on the scale of the exciton
diffusion length had not previously been achieved. The performance of the P3HT:PCBM
fibers in the active layer was not significantly influenced by the fiber diameter because these
fibers formed a bulk heterojunction structure, the function of which did not significantly
depend on the fiber diameter. Metal oxide precursors are readily dissolved in polar solvents
with a high electrical conductivity to facilitate the preparation of nanofibers; however,
conjugated polymer nanofibers with diameters comparable to the exciton diffusion length
cannot be prepared using chlorinated solvents with a low conductivity because the conjugated
polymers display a low solubility in such solvents. We previously reported a method of
preparing P3HT and F8BT nanofibers.* The viscosity or electric conductivity of the spinning
dope solution could be tuned by adding an auxiliary polymer or a polar solvent, respectively.
Earlier results indicated that the diameter and morphology of the PCDTBT@PEO nanofibers
could be optimized. Since the auxiliary polymer must be removed prior to incorporation into
the active layer, the amount of auxiliary polymer added should be minimized as long as beads
do not form. Figure S1 shows SEM images of the PCDTBT@PEO nanofibers electrospun
from different spinning dope solutions. The concentration ratio of the PCDTBT was fixed at
0.1 wt% because the solubility of the PCDTBT was low in this solution. A 0.4 wt% PEO
concentration clearly induced the generation of beads on the electrospun fibers. The low
viscosity of the 0.4 wt% PEO spinning dope solution (Figure S2) was known to be

inappropriate for electrospinning, but the highly volatile chloroform appeared to form
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nanofibers without generating beads.’

Figure S1. SEM micrographs of the electrospun PCDTBT@PEO nanofibers prepared from

solutions containing various concentrations of the polar solvents and PEO. The
concentrations of PEO were 0.3 wt% (a, d, g), 0.4 wt% (b, e, h), and 0.5 wt% (c, f, 1). The

chloroform:polar solvent ratios were 10:1 (w/w) (a, b, ¢), 8:1 (d, e, f), and 6:1 (g, h, 1).
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Figure S2. The viscosities of the spinning dope solutions.

The auxiliary polymer was removed from the PCDTBT@PEO composite nanofibers using
acetonitrile due to its selective solubility for PEO. Previous reports’® indicated that
isopropanol displayed the best performance with respect to PEO removal from the composite
nanofibers; however, the PEO removal using isopropanol should be performed above 70°C,
which can degrade the device. Acetonitrile could dissolve the high molecular weight PEO at
room temperature, therefore, acetonitrile was employed in this experiment. The removal
efficiency was increased by dipping the layer several times to prevent the re-adsorption of the
dissolved auxiliary polymer from the dilute wash solution onto the PCDTBT fibers.

The residue on the PCDTBT fibers was characterized by FT-IR and TGA. Because PEO
fibers were completely degraded at 370°C (Figure S4), the PEO residue on the nanofibers
could be calculated based on the thermal behavior of the electrospun PEO fibers and the
electrosprayed conjugated polymer.® The thermal behaviors of the virgin PCDTBT nanofibers
were nearly identical to the behavior of PCDTBT (Figure S4), indicating that the PEO was

nearly absent from the virgin PCDTBT nanofibers.



Electronic Supplementary Material (ESI) for Nanoscale

This journal is © The Royal Society of Chemistry 2013

Absorbance (arb. unit)

—— PEO fibers
—— PCDTBT@PEO composite fibers
PCDTBT virgin fibers

*

1000 1500 2000 2500 3000 3500 4000

Wavelength (cm™)

Figure S3. FT-IR spectra of electrospun PEO fibers, PCDTBT@PEO composite fibers and

PCDTBT virgin fibers.
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Figure S4. Thermogravimetric thermograms of the samples under isothermal treatment at

370°C.

The PCDTBT nanofiber diameter was directly related to the concentration of PCDTBT in the

electrospinning solution. The electrospun fiber diameter was also influenced by the intensity

of the stretching effects during electrospinning, as determined by the electrical conductivity

and viscosity of the spinning dope solution. The PCDTBT nanofiber diameter could,
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therefore, be tuned according to the concentration of PCDTBT, the viscosity, and the
electrical conductivity of the spinning dope solution. The effects of the PCDTBT nanofiber
diameter on the photovoltaic performance were investigated by preparing four PCDTBT

nanofibers with different diameters: 50 nm, 120 nm, and 200 nm. The PCDTBT nanofibers

were electrospun from different spinning dope solutions, as illustrated in Figure S5.

Figure S5. TEM micrographs of the virgin PCDTBT nanofibers with a diameter of (a) 50 nm,
and SEM micrographs of virgin PCDTBT nanofibers with diameters of (b) 120 nm, and (c)

200 nm.

Figure S6. TEM micrographs of (a) PCDTBT film and (b) virgin PCDTBT nanofibers. The

insets show the SAED patterns of the samples.
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Photovoltaic performance

Figure S7. AFM images (2 um x 2 um) of the (a) BHJ, (b) pseudo-bilayer, and (c)

nanofibrous active layers composed of PCDTBT:PC;,BM.

Park et al. reported that the photocurrent of their OPV device flattened under reverse bias
conditions because the internal quantum efficiency of the OPV device approached 100%.”
These results indicate that the OPV device had extracted the photogenerated charge under
short circuit conditions. Consequently, no additional charges could be harvested, even under
high reverse bias conditions. In view of these results, we tested our BHJ/pseudo-
bilayer/nanofibrous OPV devices under reverse bias conditions to determine whether the
nanofibers affected the charge collection. The photocurrent was obtained by subtracting the
dark current from the light current to compensate for the diode. All three types of OPV
devices showed flatter current densities below 0 V, but the current density slope for the

nanofibrous OPV device was smaller than the slope for the BHJ device.
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Figure S8. Device performance variation on the exposure time in ambient air.
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Figure S9. Calculated photocurrent density—voltage curves of the devices prepared using the

PCDTBT:PC7BM BHJ, pseudo-bilayer, and nanofibrous structures.
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Figure S10. Dark J"2-V characteristics for the SCLC hole-only devices prepared using the

PCDTBT:PC7,BM BHJ, pseudo-bilayer, and nanofibrous structures..

References

1. N. M. Bedford, M. B. Dickerson, L. F. Drummy, H. Koerner, K. M. Singh, M. C.
Vasudev, M. F. Durstock, R. R. Naik and A. J. Steckl, Adv. Energy Mater., 2012, 2,
1136-1144.

2. S. Wu, Q. Tai and F. Yan, J. Phys. Chem. C, 2010, 114, 6197-6200.

3. H.-S. Shim, S.-I. Na, S. H. Nam, H.-J. Ahn, H. J. Kim, D.-Y. Kim and W. B. Kim,
Appl. Phys. Lett., 2008, 92, 183107-183103.

4, T. Kim, J. H. Im, H. S. Choi, S. J. Yang, S. W. Kim and C. R. Park, J. Mater. Chem.,
2011, 21, 14231-14239.

5. G. Eda and S. Shivkumar, J. Appl. Polym. Sci., 2007, 106, 475-487.

6. S. E. Harton, J. Liining, H. Betz and H. Ade, Macromolecules, 2006, 39, 7729-7733.

7. S. H. Park, A. Roy, S. Beaupre, S. Cho, N. Coates, J. S. Moon, D. Moses, M. Leclerc,

K. Lee and A. J. Heeger, Nat. Photonics, 2009, 3, 297-303.



	Preparation of the PCDTBT nanofibers
	Figure S2. The viscosities of the spinning dope solutions.
	Photovoltaic performance


<<

  /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



