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Materials and methods

General synthetic detailsReactions were carried out on a bench top or under an
atmosphere of dry, &free N0 where indicated. For reactions requiring heahe
conventional method involved submerging reaction vial in a LabArmor® bead bath and
heating on a hot plate at the desired temperature. For reactions that made use of
microwaveassisted synthesis a Biotage® Initiator+ microwave reactor was used. The
operational power range of this instrument is400 W using a 2.45 GHz magnetron.

Materials: All materials and solvents were purchased from Sigtiaaich unless indicated
otherwise.Heterogeneous catalyst Siiat® DPHPd was purchased from SiliCydie+
diketopyrrolopyrrole was purchased from Brilliant Matte2EHTIlI andPTB7Th were
purchased from dMaterial. Isoindigo starting materials were purchased from Ontario
Chemicals Inc.

Nuclear Magnetic Resonance (NMRJinal material'H and **C NMRspectra were
acquired ora Bruker Acend 500 mHZorprecursororganic dyesynthesis, NMR spectra
were acquiredor bl yI f @ AaA & 60INEpediramstsrIChetigal shifts are
reported inparts per million (ppm) and are referenced to the externahstard SiMe All
experiments were performed in deuterated chloroform (GRCMultiplicities are
reported as: singlet (s), doublet (d), triple}, (nultiplet (m), and overlapping (ov)

Highresolution Mass Spectrometry (HRMSJighresolution MALDI masspectrometry
measurements were performed courtesy of Jian Jun (Johnson) Li in the Chemical
Instrumentation Facility at the University of Calgary. A Bruker Autoflex 1l Smartbeam
MALDITOF (Na:YAG laser, 355nm), setting in positive reflective mode, westaise
acquire spectra. Operation settings were all typical, e.g. laser offse®plaser frequency
200Hz; and number of shots 300. The target used was Bruker MTP 384 ground steel plate
target. Sample solution (~ 1 pg/mldichloromethane) was mixed withatrix trans-2-[3-
(4-tert-Butylphenyl)2-methyl2-propenylidene]malononitrile CTB) solutiof~~ 5mg/ml

in methanol) Pipetted 1pl solution above to target spot and dried in the fume hood.

Cyclic Voltammetry (CVAIl electrochemical measurements were performed using a CH
Instruments potentiostat in a standard thresectrode configuration equipped with a
silver wire pseudaeference, platinum wire counter electrode and glassy carbon working
electrode. The cyclic tammetry experiments were performed in an anhydrous solution
of dichloromethane(CHCb) with ~ 0.1 M tetrabutylammoniumhexafluorophosphate
(TBAPE) supporting electrolyte. Samples were scanned at a rate of 100 mV/s following a
dry N purge to deoxygenat¢he solution. Solution CV measurements were carried out
with a sample concentration of ~ 0.5 mg/mL inCH Estimations of the energy levels
were obtained by correlating the onseto(Ec/Fc+, B4 Fc/Fc+) to the normal hydrogen
electrode (NHE), assungra HOMO energy level of 4.80 eV for Fc/Fc+.

E(HOMO) = (Bx+4.80), E(LUMO)-%Eec+4.80)
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UV-Visible Spectroscopy (UWis): All absorption measurements were recorded using an
Agilent Technologies Cary 60-Mi¥ spectrometer at rom temperature. All slition U\

vis experiments were run in chloroform (CgJ@ising 2 mm quartz cuvettesd diluted

1 % wt/v solutions Thinfilms wereprepared by spircoating 1% wt/v solutions from
CHG onto Corning glass miclides. Prior to use, glass slides were cleanghd soap
and water, acetone and isopropanchnd followed by UV/ozone treatment using a
Novascan UV/ozone cleaning system.

PhotoluminescencgPL): All emission measurements were recorded using an Agilent
Technologies Cary Eclipse fluorescence spectrophotometer at room temperature. Thin
films were prepared by spicoating 1 % wt/v solutions from CHG@h Corning glass micro
slides. Prior to use, glass slides were cleaned with soap and water, acetone and
isgpropanol and followed by UV/ozone treatment using a Novascan UV/ozone cleaning
system.

Melting Point Determination (mp): The melting or decomposition points were
determined using a Stuart SMP40 apparatus operating from 50 to 400 °C with a ramp rate
of 20°C per minute.

Power Conversion Efficiency (PCE) @&dernal Quantum Efficiency (EQHhe current
density-voltage (V) curves were measured by a Keithley 2420 source measure unit. The
photocurrent was measured under AM 1.5 illumination at 100mW/emder a Solar
Simulator (Newport 92251-A000). The standard silicon solar cell (Newport 91150V) was
used to calibrate light intensity. EQE was measured in a QEX7 Solar Cell Spectral
Response/QE/IPCE Measurement System (PV Measurement, Model QEX7, W8A) wit
optical lens to focus the light into an area about 0.04cemaller than the dot cell. The
silicon photodiode was used to calibration of the EQE measurement system in the
wavelength range from 300 to 900 nm.

Atomic Force Microscopy (AFPMAFM measurments were performed by using a
Scanning Probe Microscopilent Technologies 5500 in contact mode. We used probe
with contact aluminum coated (PEMD54-00, Nanolnk, Inc). Thin film samples for AFM
measurement were deposited on ITO/ZnO substrates follgwie same procedures as
used for OPV devices fabrication.



Synthesis

Precursor Synthesisisoindigo, dketopyrrolopyrrole and thienoisoindigoprecursor
materials were synthesized according to literature procedufdannulated perylene
diimide precursor materials were synthesized according to literature procedure.
Compete characterization data fdbPRL can be found in its original reported synthesis.

0
0 N0 R= 2-ethylhexyl DPP-B: 74 % yield

R= n-octyl DPP-L: 70 % vyield
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SiliaCat® DPP-Pd
PivOH, K,CO3;, DMA
80 °C, 24 hours

Scheme & Direct heteroarylation coupling ¢¥Dland DPP

Synthesis 0DPRB: In a12-15 mLpressurevial 2,5bis@-ethylhexy)-3,6-di(thiophen-2-
yl)diketopyrrolopyrrole { eq.),11-bromo-5-hexyt2,8-bis(1-ethylpropyl)perylene diimide

(2.2 eq.)SilieCat® DPHPd (5 mol %), pivalic acid (30 mol %) and potassium carbonate (2.5
eg.) were added with a stir bar and sealed with a crimp sealed septa cap. The contents
were purged with N gas followed by the addition of degassed anhydrdug b Q
dimethylacgéamide (7 mL) via syringe. The reaction mixture was heated at 80 °C in a
LabArmor® beads bath for 24 hours. After 24 hours the reaction mixture was poured into
MeOH and allowed to stir overnight. The precipitated product was collected by filtration
and the filtrate was discarded. The solid product was subsequently washed with
dichloromethane to solubilize the product and isolate it from the insoluble silica
supported catalyst. The filtrate was concentrated by rotary evaporation and prepared for
purification by flash column chromatography. With a petroleum ether to
dichloromethane gradient residual impurities and a small fraction of rasurastituted
product can be removed from 580 % dichloromethane. The product begins to elute
slowly at 100 % dichlorometharand was more rapidly eluted following the addition of

5 % triethylamine. The product fractions were slurried with a small amount of aluminum
oxide and filtered. The filtrate was concentrated by rotary evaporation to a solid which
was stirred in acetonewernight to remove residual polar impurities that eluted upon the
use of triethylamine. The final product was collected by filtrafimm acetoneasadark
green solid.

DPRB: 0.24 g, 0.14nmol, 74 % yield
HRMS (MALDIPPRB: m/z: 1774901 £t OQRY MT T p ®y
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O N° R= 2-ethylhexyl ISI-B: 67 % vyield

R= n-octyl ISI-L: 18 % vyield
> O‘O NJ"/—/ NS N

SiliaCat® DPP-Pd
PivOH, K,CO;, DMA

80 °C, 24 hours \)\/ \)\/

Scheme 2 Direct heteroarylation coupling #&*Dland|SI

Synthesis oiSIB and ISL: In a12-15 mL pressure vial 2fs(N-alkyl))-3,6-di(thiophen
2-ylisoindigo(1 eq.),11-bromo-5-hexy}2,8-bis(1-ethylpropyl)perylene diimid€2.2 eq.),
SiliaCat® DPHPd (5 mol %), pivalic acid (30 mol %) and potassium carbonate (2.5 eq.) were
added with a stir bar and sealed with a crimp sealed septa cap. The contents were purged
with N> gas followed by the addition of degassed anhydrbus dif2ethylacetamide (7

mL) via syringe. The reaction mixture was heated at 80 °C in a LabArmor® beads bath for
24 hours. After 24 hours the reaction mixture was poured into MeOH and allowed to stir
overnight. The precipitated product was collected by fiiva and the filtrate was
discarded. The solid product was subsequently washed with dichloromethane to
solubilize the product and isolate it from the insoluble sibcgported catalyst. The
filtrate was concentrated by rotary evaporation and prepared pgarification by flash
column chromatography. With a petroleum ether to dichloromethane gradient residual
impurities and a small fraction of morsubstituted product can be removed from 50

90 % dichloromethane. The product begins to elute slowly at 10@8odomethane and

was more rapidly eluted following the addition of 5 % triethylamine. The product fractions
were slurried with a small amount of aluminum oxide and filtered. The filtrate was
concentrated by rotary evaporation to a solid which was stiiredcetone overnight to
remove residual polar impurities that eluted upon the use of triethylamine. The final
product was collected by filtratioffom acetoneasa dark green solid.

ISIB: 0.38 g, 0.20nmol, 67 % yield
ISH: 0.08 g, 0.04nmol, 18% vyield
HRMS (MALDD): Y KT Y MDA mMPPpISRNYKOIYR Y pm popddl £ OQRY
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OO ‘/_/_/ Tl-B: 61 % yield
< &Y

SiliaCat® DPP-Pd
PivOH, K,CO;, DMA
80 °C, 24 hours

Scheme 8. Direct heteroarylation coupling ¢tDland Tl

Synthesis ofTIFB: In a12-15 mL pressure vial 2/5s@-ethylhexy)-3,6-di(thiophen2-
yhthienoisoindigo(1 eq.),11-bromo-5-hexyt2,8-bis(I-ethylpropyl)perylene diimide (2.2
eq.), Sili€at® DPHPd (5 mol %), pivalic acid (30 mol %) and potassium carbonate (2.5 eq.)
were added with a stir bar and sealed with a crimp sealed septa cap. Thentontere
purged with N gas followed by the addition of degassed anhydrobs>-b Q
dimethylacetamide (7 mL) via syringe. The reaction mixture was heated at 80 °C in a
LabArmor® beads bath for 24 hours. After 24 hours the reaction mixture was poured into
MeOHand allowed to stir overnight. The precipitated product was collected by filtration
and the filtrate was discarded. The solid product was subsequently washed with
dichloromethane to solubilize the product and isolate it from the insoluble silica
supportedcatalyst. The filtrate was concentrated by rotary evaporation and prepared for
purification by flash column chromatography. With a petroleum ether to
dichloromethane gradient residual impurities and a small fraction of ruustituted
product can be remeed from 5690 % dichloromethane. The product begins to elute
slowly at 100 % dichloromethane and was more rapidly eluted following the addition of
5 % triethylamine. The product fractions were slurried with a small amount of aluminum
oxide and filtered. fie filtrate was concentrated by rotary evaporation to a solid which
was stirred in acetone overnight to remove residual polar impurities that eluted upon the
use of triethylamine. The final product was collected by filtrafimm acetoneasa dark
green ®lid.

TII-B: 0.44 g, 0.23nmol, 61 % yield
HRMS (MALDI): TB:YK T Y mMdpmH DB OF t OQRY mMbpmo
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Solution'H and*C NMR spectra
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FigureSl. 'H NMR spectra dDPRB
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1H NMR:9.33(d, Ji+=4 Hz, 2H): 9.12 (s, 2H); 9.07 (s, 2H); §82H); 8.60 (s, 2H); 8.33
(d,Jiv= 8 Hz, 2H); 7.68, = 4 Hz, 2HE.255.19 (m, 4H): 4.9 (t, 4H); 4.1114H);2.36
(m, 8H); 2.25 (m, 4H); 2.01 (M,H)01.49-1.19 (m, 281);1.00:0.88 (m, 361);0.72(t, 6H).
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Figure2. :3C NMR spectra @PPRB

13C NMR 161.2; 147.1; 139.5; 136.5; 134.5; 132.1; 132.0; 13128.1 127.5; 124.4;
124.3; 2.5; 122.4; 119.3; 119.2; 108.2; 57.3; 57.2; 46.4;:43877; 31.0; 30.8; 29.8;
27.7, 26.3; 24.623.0; 22.521.9; 13.4,13.3;10.9; 10.8 10.0; 9.9 Expected56 Found: 37
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FigureS3. 'H-'H COSY NMR spectraOi?PB
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FigureS4 '*H NMR spectra dS+B
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'H NMR:9.20 (d,J++= 8 Hz, 2H); 9.05 (s, ov, 2H); 9.04 (s, ov, 2H); 8.60 (s, br, 2H); 8.50 (d,
JH= 8 Hz, 2H); 7.69 (&4+= 4 Hz, 2H); 7.43 (d, o= 4 Hz, 2H); 7.42 (d, a4w= 8 Hz,

2H); 7.09 (s, 2H); 5.&122 (m, 4H); 4.90 (t, 4H); 3.70 (m, 4H); 2.36 (m, 8H); 2.22 (m, 4H);
2.01 (m, 8H); 1.92 (m, 2H); 1.40 (m, 20H); 1.32 (m, 8H); 1.01 (t, ov, 12H); 0.97 (m, ov, 4H);
0.96 (t, ov, 12H) 0.88 (t, ov, 6H) 0.86 (t, ov, 6H).

13



T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

FigureSh *C NMR spectra ¢8+B

13C NMR:167.8; 145.7; 145.2; 142.2; 136.6; 134.4; 134.3; 133.4; 132.5; 131.3; 131.2;
130.0; 127.9; 127.5; 124.8; 124.2; 124.1; 122.5; 122.4; 120.8; 1M 2; 118.7; 104.3;
57.3;57.1; 46.4; 43.6; 37.2; 31.0; 30.8; 30.2; 28.2; 26.3; 24.6; 23.6; 22.5; 22.0; 13.5; 13.4;
11.0; 10.9; 10.3. Expecte@d Found: 43.
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FigureS6 'H-'H COSY NMR spectrad 8fB
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FigureS7 'H NMR spectra dStL

IH NMR:9.18(d, J1+= 8 Hz, 2H.03(s, oy 4H);8.88(s, br, 2H)8.61 (s, br, 2H3.51(d,
Ju= 8 Hz, 2HY.70(d, Juv= 4 Hz, 2HY.43 (d o= 4 Hz, 2HY.40 (d Jiw= 8 Hz, 2HY.07
(s, 2H)5.255.22 (m, 4H); 4.90 (t, 4H3;78 (t 4H);2.36 (m, 8H)2.21(m, 4H); 2.01 (m,
8HY 1.74 (m, #);1.47-1.24 (m, 31);1.02-0.97 (t, ov, 24H); 0.87 (t, 6H); 0.81 ()6

15



