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Experimental Section

I. Measurements

'H NMR and °C NMR spectra of the monomers and the polymers were measured on
a Bruker ARX-400 spectrometer. UV-vis absorption spectra were taken on an Agilent
Technologies Cary Series UV-Vis-NIR Spectrophotometer. The electrochemical cyclic
voltammetry (CV) was conducted on a Zahner Ennium Electrochemical Workstation
with glassy carbon disk, Pt wire, and Ag/Ag" electrode as working electrode, counter

electrode, and reference electrode respectively in a 0.1 mol L™ tetrabutylammonium



hexafluorophosphate (BusNPFs) acetonitrile solution at a scan rate of 50 mV s!. The
thermo-gravimetric analysis (TGA) was carried out on a TA Instruments, Inc.,
discovery instrument under purified nitrogen gas flow with a 10 °C min™ heating rate.
Differential scanning calorimeter (DSC) was carried out on a TA Instruments, Inc.,
Q200 instrument under purified nitrogen gas flow with a 5 °C min™ heating rate. GPC
measurement was performed on Agilent Technologies, PL-GPC 220 High
Temperature Chromatograph using 1,2,4-trichlorobenzene as the eluent at 160 °C.
X-ray diffraction (XRD) of the polymers were carried out on a X’Pert-Pro MRD
diffractomer from PANalytical B.V. Transmission electron microscopy (TEM) was
performed using a Tecnai G2 F20 S-Twin instrument at 200 kV accelerating voltage.
Atomic force microscope (AFM) was performed using a Veeco Dimension 3100

Instrument.
II. Device fabrication and characterization

Polymer solar cells (PSCs) were fabricated by routine methods, the details of the
device fabrication and characterization were described in the following:

PSCs with the structure of ITO/PEDOT: PSS/polymer: PC;BM/buller layer/Al
were fabricated under the conditions as follows: patterned indium tin oxide
(ITO)-coated glass with a sheet resistance of 10-15 ohm/square was cleaned by a
surfactant scrub and then underwent a wet-cleaning process inside an ultrasonic bath,
beginning with deionized water followed by acetone and isopropanol. After oxygen
plasma cleaning for 10 min, a 30 nm thick poly(3, 4-ethylenedioxythiophene):

poly(styrenesulfonate) (PEDOT:PSS) (Bayer Baytron 4083) anode buffer layer was



spin-cast onto the ITO substrate and then dried by baking in an oven at 150 °C for 15
min. The active layer was then deposited on top of the PEDOT: PSS layer by
spin-coating a 10 mg ml™ o-dichlorobenzene blend solution of polymer and PC7BM.
The thickness of the active layer was controlled by changing the spin speed during the
spin-coating process and measured on an Ambios Tech. XP-2 profilometer. Finally, 20
nm Ca and 80 nm Al layer were successively deposited in vacuum onto the active
layer at a pressure of ca. 4 x 10™ Pa. The overlapping area between the cathode and
anode defined a pixel size of 4 mm”. Except for the deposition of the PEDOT: PSS
layers, all the fabrication processes were carried out inside a dry box containing less
than 5 ppm oxygen and moisture.

The current density-voltage (J-V) curves of the PSCs were measured with a
Keithley 236 Source Measure unit, under the illumination of AM 1.5G, 100 mW cm’
using a xenon-lamp- based solar simulator (SAN-EI ELECTRIC CO., LTD.). The
external quantum efficiency (EQE) was measured by Solar Cell Spectral Response
Measurement System QE-R3011 (Enli Technology CO., Ltd.). The light intensity at

each wavelength was calibrated with a standard single-crystal Si photovoltaic cell.
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Fig. S1. "H NMR spectrum of monomer TPD
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Fig. S2. °C NMR spectrum of monomer TPD



60
z 2 = = % 88%
T 1 T v T "
L5
=
|
! I-50
#
/ 7 45
o
|
= . _F J|
40
I35
30
25
20
15
| 10
"
|
U { \ L_s
0
Lo T BT ok
8.0 5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 L3 1.0 0.5 0.0
£1 (ppm)
.
1
Fig. S3. 'H NMR spectrum of monomer DT
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Fig. S4. "H NMR spectrum of monomer DFDT
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Fig. S5. 'H NMR spectrum of PTPD-DT
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Fig. S6. "H NMR spectrum of PTPD-DFDT
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Fig. S7 (a) J-V characteristics, (b) EQE curves of devices based on PTPD-DFDT:

PC7,BM blend film with D/A weight ratios of 1:1 and 1:2.

Table S1. Photovoltaic performance parameters of the PSCs based on PTPD-DFDT

as donor and PC;;BM as acceptor with D/A weight ratios of 1:1 and 1:2 under

illumination of AM 1.5 G, 100 mW cm™.

D/Aratio Vo (V)  Je(mMAcem?) J(mAcm?)?® FF (%) PCE (%)
1:1 0.98 6.12 5.68 42.6 2.56
1:2 0.98 3.38 3.24 57.2 1.90

* Integrated from EQE,

2 60
o @ (b) S
§ o l/ 501 pai
< —v—1:1.5, DPE
3 ) 40 —o—1:1.5, PFN
> <
-‘Z E 30+
3 -4_—" —-—1:1 8 204
£ L ——1:15
E M +1f5 DPE 101
3 s " 145, PFN o
02 00 02 04 06 08 1.0 300 400 500 600 700

Potential (V)

Fig. S8 (a) J-V characteristics, (b) EQE curves

PC7;BM blend film with different conditions.
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Table S2. Photovoltaic performance parameters of the PSCs based on PTPD-DT as
donor and PC7;BM as acceptor with different conditions under illumination of AM

1.5 G, 100 mW cm™.

D/Aratio Vo (V)  Je(mMAcem?) J(mAcm?)® FF(%) PCE (%)

1:1 0.94 5.02 4.71 42.0 1.97
1:1.5 0.94 5.72 5.25 43.3 2.32
1:2 0.93 4.06 3.86 47.4 1.79
1:1.5" 0.92 5.72 5.32 41.3 2.18
1:.5¢ 0.93 6.15 6.12 43.3 2.48

* Integrated from EQE, ® with 3% DPE as solvent additive, ¢ with PFN as buffer

layer.

Table S3. Photovoltaic performance parameters of the PSCs based on PTPD-DT as
donor and PC7;BM as acceptor with different additives (w/w, 1:1.5) under

illumination of AM 1.5 G, 100 mW cm™.

Additive (3%) Voe (V) Jie (mA cm™) FF (%) PCE (%)
without 0.94 5.72 433 2.32
DIO 0.92 3.20 46.5 1.36
CN 0.93 5.30 41.8 2.05
NMP 0.91 4.05 41.3 1.52

DPE 0.92 5.72 41.3 2.18




Table S4. Photovoltaic performance parameters of the PSCs based on PTPD-DFDT
as donor and PC7BM as acceptor with different additives (w/w, 1:1.5) under

illumination of AM 1.5 G, 100 mW cm™.

Additive (3%) Voe (V) Jie (mA cm™) FF (%) PCE (%)
without 0.98 6.03 47.4 2.80
DIO 0.97 7.54 47.6 3.47
CN 0.96 8.11 50.5 3.94
NMP 0.93 9.54 47.3 4.20

DPE 0.96 10.25 54.0 5.31
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Fig. S9. TEM images and Tapping-mode AFM images of PTPD-DT or PTPD-DFDT:
PC7BM blend films. TEM images (a), AFM (all 5 x 5 um) height images (b),
three-dimensional height images (c¢) and topography images (d) of the blend films
with D/A ratio of 1:1 and 1:2. The R, of the blend films are 3.35 nm for PTPD-DT
with D/A of 1:1; 7.30 nm for PTPD-DT with D/A of 1:2; 1.49 nm for PTPD-DFDT

with D/A of 1:1 and 2.99 nm for PTPD-DFDT with D/A of 1:2, respectively.



Opt. Const. of Gen-Osc vs. eV

5.0 25
:Z @ //\ /\\ 12.0
3.5 —— / \ {15
3.0 / \ \ 1.0
N\

20 J/ E—
1'51.0 15 2.0 25 3.0 3.5? 9
eV

Fig. S10. Dielectric constant of PTPD-DT
Opt. Const. of Gen-Osc vs. eV
5.0 25
o B A
i /XN
3.5 / \ \ 1.5
— [\
3.0 1.0
[N\
. J/ L __ os
1'51.0 15 2.0 y 25 3.0 3.2 0
e

Fig. S11. Dielectric constant of PTPD-DFDT

e2

e2




<<
  /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


