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Synthetic procedures:

General Methods: All chemicals and reagents were used as received from commercial
sources without purification. Solvents for chemical synthesis were purified by
distillation. All chemical reactions were carried out under an argon or nitrogen
atmosphere.

Synthesis of  5-[V,N-Bis(phenylamino)phenyl]-5’-dicyanomethylidenemethyl
-3,3’-diphenylsilylene-2,2’-bithiophene (TPDCDTS). A mixture of 1 (1.03 g, 1.66
mmol), malononitrile (220 mg, 3.32 mmol), and basic aluminum oxide (830 mg) in
toluene (40 mL) was stirred and heated at 70 °C for 1 h. After cooling to room
temperature, the aluminum oxide residue was removed by filtration and thoroughly
washed with toluene. The solvent of the filtrate was removed by rotary evaporation,
and the crude product was purified by column chromatography on silica gel with ethyl
acetate/dichloromethane/hexane (v/v/v, 1 : 2 : 10) as eluent to afford TPDCDTS as a
black solid (800 mg, 72% yield). M.p. 294 °C (DSC); IR (KBr) v 3052, 3027, 2216,
1592, 1514, 1488, 1384, 1255, 1114, 926, 830 cm™; "H NMR (CD,Cl,, 400 MHz) &
7.82 (s, 1H), 7.80 (s, 1H), 7.65 (d, J = 7.2 Hz, 4H), 7.52-7.47 (m, 5H), 7.41 (t, J=7.2
Hz, 4H), 7.30 (t, J = 7.8 Hz, 4H), 7.13-7.03 (m, 8H); '*C NMR (CD,Cl,, 100 MHz)
5 162.8, 152.5, 150.6, 148.7, 148.2, 147.4, 146.5, 142.7, 141.2, 137.3, 135.7, 131.4,
130.1, 129.8, 128.8, 127.2, 125.6, 125.4, 124.1, 123.0, 115.3, 114.7, 73.8; HRMS
(m/z, FAB") Calcd for C4,H,7N3S,Si 665.1416, found 665.1416.
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OPVs device fabrication and testing:

Organic compounds including synthesized TPDCDTS, and purchased fullerene Cyg
or C79 and 2,9-Dimethyl-4,7-Diphenyl-1,10-Phenanthroline (BCP) were subject to
purification once by temperature-gradient sublimation before use in this study. The
organic and metal oxide thin films and metal electrodes were deposited on indium tin
oxide (ITO) coated glass substrates in a high vacuum chamber with base pressure ~
1x107 Torr. The sheet resistance of ITO is ~ 15/ sq. The deposition was performed at
rate of 2-3 A with the substrate held at room temperature. Thicknesses were
monitored using a crystal oscillator during deposition and were verified later with
spectroscopic ellipsometry. The active area of the cells had an average size of 2.5-5
mm’. Devices were encapsulated using a UV-cured sealant (Everwide Chemical Co.,
Epowide EX) and a cover glass under the dry nitrogen atmosphere after fabrication
and were measured in air. Current density-voltage characteristics were measured with
a SourceMeter Keithley 2636A under illumination of AM1.5G solar light from a
xenon lamp solar simulator (4dbet Technologies). The incident light intensity was
calibrated as 100mW/cm®. The external quantum efficiency spectra were taken by
illuminating chopped monochromatic light with a continuous-wave bias white light
(from halogen lamp) on the solar cells. The photocurrent signals were extracted with
lock-in technique using a current preamplifier (Stanford Research System) followed
by a lock-in amplifier (AMETEK). The EQE measurement is fully computer
controlled and the intensity of monochromatic light is carefully calibrated with optical
power meter (Ophir Optronics). Organic films for absorption, photoelectron
spectroscopy and ellipsometry measurements were vacuum deposited on fused silica
substrates. Absorption measurements were performed with Shimadzu
spectrophotometer. The HOMO values of thin films were acquired with a
photoelectron spectrometer (Riken Keiki Co. Ltd.). Ellipsometry measurements were

carried out with J. 4. Woollam Inc. V-VASE variable-angle spectroscopic ellipsometer.

Cyclic voltammogram of TPDCDTS:
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Fig. S1 Cyclic voltammogram of TPDCDTS; 0.1 M BusNPF¢ in CH,Cl, was used
as supporting electrolyte. A glassy carbon electrode was used as the working electrode;
scan rate: 100 mV/s.

Device structure and energy level diagram of TPDCDTS:fullerene PMHJ solar
cells:
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Fig. S2 (a) Device structure and (b) energy level diagram of TPDCDTS:fullerene
PMH]J solar cells with MoO3 as HTL.
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Device characteristics of TPDCDTS:Csy PMHJ solar cells with different hole
transport layers:

of L
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Fig. S3 J-V characteristics of TPDCDTS:Csy PMH]J solar cells. The device structures
are: ITO/Hole transport layer/TPDCDTS (3 nm)/ TPDCDTS:Cyg (1:1, 35 nm)/Cg
(20 nm)/BCP (10 nm)/Ag (120 nm)

Current Density (mA/cm?)
n

TABLE S1: Performance parameters of devices

Device Voc (V) Jsc (mA/cm?) FF Nece (%)
HAT(CN)g 0.41 5.33 0.35 0.76
MoO; 0.88 6.56 0.46 2.69
PEDOT:PSS 0.91 6.90 0.36 2.24
PEDOT:PSS/HAT(CN)¢ 0.59 4.66 0.24 0.66
PEDOT:PSS/MoOs 0.90 6.68 0.40 2.37
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Surface morphology of TPDCDTS and TPDCDTS:C7y (1:1)
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Fig. S4 Surface morphology of (a) TPDCDTS and (b) TPDCDTS:C7 (1:1) thin film
obtained by atomic-force microscopy (AFM).

TABLE S2: Surface roughness characteristics

Thin film Rrms (nm) Ra (nm) Rmax (nm)
TPDCDTS 0.95 0.75 11.42
TPDCDTS:Cyo 1.04 0.79 17.21

S-5



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

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

-<r-noNwmmﬁmmmummmmmvaczggmmeg g: g
bR e EE P R e ) o 2
hhhh&hnmhhmhhﬁ%n ML; -
Q : S :NC
N | M4 N e
@ S S
TPDCDTS
LA
A
TV]!II 1" 5 T T { T T T T I | RN | Tl!llllY]l]'[lV‘}
9 8 7 6 5 4 3 2
0 s e s
o0 oNMm T
mancwc\f
co< veT ©

S-6



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

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

] O ANDONANANNOA—AOTAID O D~ w NHODOO WL
© TInNANTTONANMNDOHAEARNRONS DT OOMNO © nNTN-ONT
' EERITERERRANRERARELISE . BEsEske
w DWNTTTTTTNNNNNNNNNNNNA - ~ nNnLWLWLW!LWWN
IAGUME AT PR I Vo SR IR e ) T N N
L0 PR [ S L s SR 2 5 R s P L O 7 e W O 25 P, . Y0P T P T A ., S . e A o i T T 3 .
180 160 140 120 100 80 60 40 20

S-7




<<

  /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



