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Experimental

General consideration: All reagents were used as received unless otherwise noted.
Polyselenophene with different molecular weight were synthesized following our
previously published protocol (ref 28 in the main text) with slight modification. Briefly,
isopropylmagnesium chloride (0.42 mL, 2.0 M in THF, 0.84 mmol) was added drop-wise
to a solution of 2,5-dibromo-3-hexylselenophene (300 mg, 0.81 mmol) in dry THF (4.5
mL) under a nitrogen atmosphere, stirred vigorously for 1 hour at room temperature,
transferred to a nitrogen-filled flask containing Ni(dppp)Cl, (4.4 mg, 8.1 nmol; or 8.8 mg,
16.2 nmol; or 53 mg, 97nmol), and stirred vigorously overnight at 40°C, then quenched
with dilute hydrochloric acid and precipitated into methanol. The precipitated solid was
purified by Soxhlet extraction using methanol, hexanes, and chloroform. The chloroform
fraction was concentrated to afford the polymers as deep purple solids. Isolated yields
ranged from 35 — 80 mg, 20 — 46%), 'H NMR (CDCls, 300 MHz): & 7.12 (s, 1H), 2.73
(2H), 2.25(2H), 1.26-1.43 (6H), 0.91 (3H). M, = 5.9 kg/mol, M,, = 8.8 kg/mol, PDI =
1.48; or M, = 9.9 kg/mol, My, = 13.9 kg/mol, PDI = 1.4 or M, = 19.0 kg/mol, M, = 38.0
kg/mol, PDI = 2.0. (Figures S1-S3). Polythiophene were synthesized by the same



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

procedure. "H NMR (CDCls, 300 MHz): & 6.98 (s, 1H), 2.78-2.83 (2H), 1.66-1.75 (2H),
1.31-1.46 (6H), 0.89-0.94 (3H). M, = 3.5 kg/mol, M, = 4.0 kg/mol, PDI = 1.14; or M, =
19.5 kg/mol, M, = 38.7 kg/mol, PDI = 1.98. (Figures S4 and S5)

Kiriy’s polyselenophene synthesis (ref 36 in the main text): Ni(dppp)Cl, (1 mmol) was
placed into 25 ml round bottom flack equipped with a magnetic stir bar, sealed with a
rubber septum, and the atmosphere was replaced with argon. THF (20 mL) was add via
syringe and the mixture was cooled to 0°C. o-Tolylmagnesium (1 mmol) was added
drop-wise under stirring, resulting in dissolution of the initially present solid and in the
formation of a clear yellow solution, which were then used for the initiation of the
polymerization. In another flask, isopropylmagnesium chloride (0.28 mL, 2.0 M in THF,
0.56 mmol) was added drop-wise to a solution of 2,5-dibromo-3-hexylselenophene (200
mg, 0.54 mmol) in dry THF (2.0 mL) under a nitrogen atmosphere, and stirred vigorously
for 1 hour at 0°C. To perform the polymerization, the solution of initiator in THF
(1.2mL) was added in one portion to the activated monomer solution. The mixture was
stirred at room temperature for 2h and then quenched with dilute hydrochloric acid and
precipitated into methanol. The precipitated solid was purified by Soxhlet extraction
using methanol, hexanes, and chloroform. The chloroform fraction was concentrated to
afford the polymer as a deep purple solid 22 mg (30%), '"H NMR (CDCls, 300 MHz): &
7.12 (s, 7TH), 2.73 (12H), 2.48 (s, 3), 1.34-1.68 (70H), 0.91 (21H). M, = 4.5 kg/mol, M, =
5.9 kg/mol, PDI = 1.31. (Figure S6)

Instrumentation: NMR spectra were recorded on a Varian Mercury 300 spectrometer

(300Hz). Polymer molecular weight was determined in 1,2,4-trichlorobenzene at 140°C

using a Viscotek HT-GPC (high temperature gel permeation chromatography system)
with narrow weight distribution polystyrene standards. Dark-field scanning transmission
electron microscopy (STEM) imaging was carried out at 200kV using a Hitachi HD-2000
instrument. Wide-angle X-ray scattering (WAXS) spectra were recorded on a Bruker
AXS D8 Discovery with a GADDS area detector. Absorption spectra were recorded
using a Varian Cary 5000 spectrometer. MALDI measurements were obtained from a

Waters Micromass Maldi MX mass spectrometer. Dithranol was used as the matrix. A
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solution of approximately 10 M of polymer and 0.1 M dithranol was mixed in equal

amounts in chloroform was spotted on the MALDI plate.

Thin film preparation: Polymer solutions (10 mg/mL) were drop coated on a carbon
covered copper grid for dark-field STEM characterization. For WAXS characterization,
solutions were drop coated onto a silicon substrate. For the absorption experiments,

solutions were spin coated onto a quartz microscope slide at 500 rotations/min.
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Additional Figures

Chemical shift (ppm)

Fig. S1. 'H NMR spectra of poly(3-hexyl)selenophene with M= 19.0 kg/mol.
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Fig. S2. '"H NMR spectra of poly(3-hexyl)selenophene with M, = 9.9 kg/mol.
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Fig. S3. 'H NMR spectra of poly(3-hexyl)selenophene with M, = 5.9 kg/mol.
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Fig. S4. '"H NMR spectra of poly(3-hexyl) thiophene with M, = 19.5 kg/mol.
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Fig. S5. 'H NMR spectra of poly(3-hexyl)thiophene with M, = 3.5 kg/mol.
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Fig. S6. 'HNMR spectra of poly(3-hexyl)selenophene synthesized by Kiriy’s method
with M, = 4.5 kg/mol
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Fig. S7. STEM images of P3HS samples synthesized by Kiriy’s method (ref 36 in
the main text) with M, = 4.5 kg/mol.
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Fig. S8. GPC traces of the three P3HS samples with different molecular weight.
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Fig. S9. MALDI spectra of the P3HS samples with M, = 5.9kg/mol.
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Table S1: Summary of GPC and NMR measurements of P3HS and P3HT polymers.

M,/ kg mol” M,/ kg mol™ PDI regioregularity
Low-M, P3HS 59 8.8 1.48 76%
Low-M, P3HS by |45 5.9 1.31
Kiriy’s method
Medium-M, P3HS 9.9 13.9 1.40 88%
High-M, P3HS 19.0 38.0 2.00 100%
Low-M, P3HT 3.5 4.0 1.14 76%
High-M, P3HT 19.5 38.7 1.98 87%





<<
  /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
  /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

  /CreateJDFFile 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


