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Instruments and methods

UV-vis absorption spectra were recorded in solubara Cary 60 (wavelength range: 190 to
1100 nm; 1.5 nm fixed spectral bandwidth, full 4pgm Xenon pulse lamp single source),
Agilent.

Electrochemical studies of the synthesized molecwlere carried out in a one compartment,
three-electrode electrochemical cell equipped waiftat platinum working electrode (7 mn

a platinum wire counter electrode, and a silveewiseudo-reference electrode, whose potential
was checked using the TEc couple as an internal standard. The electralytesisted of 0.2 M
tetrabutylammonium hexafluorophosphate {BBFs) solution in dichloromethane containing
2x10° I\glof the dye. Cyclic voltammetry measurements weneducted with a sweep rate of
100 mV.s"

Dyes Sensitized Solar Cells fabrication and charaetizations

Fabrication

The devices were prepared as followed: the vardiayers of TiQ films were screen printed.
The electrode total active area was 0.36.0ifirst layer (12 um) of transparent titania was
deposited with a Ti@nanoparticles paste (Ti-Nanoxide HT/SP) purchdsaa Solaronix,
Switzerland. To further increase the light-harvegtapacity of these devices, a reflective layer
(Solaronix’ Ti-Nanoxide R/SP) of 4 um was addedtgn The total thickness of the titania
working electrode was around 17 um. In order tonoge adhesion, titania layer porosity and
specific area a pre and post Ti@eatment was performed. After sintering at 508G cooling
down to 80°C, the sintered Ti@lectrodes were sensitized by immersion in a swiuif the
dye in indicated solvent with or without chenodechxylic acid (CDCA) for 18 h, and then
assembled using a thermally platinized FTO/glass(122-7, Solaronix) counter electrode.
The working and counter electrodes were separgted?s um thick hot melt gasket (Meltonix
1170-25, Solaronix) and sealed by heating. Theifggpatas minimized to avoid dye thermal
degradation. The cell was then filled with a vdéaglectrolyte (Solaronix lodolyte HI-30)
through a pre-drilled hole using a vacuum pump. dlbetrolyte injection hole on the thermally
platinized FTO glass counter electrode was fingdlgled with a thin glass cover. Devices using
a non-volatile ionic liquid based electrolyte (Soleix Mosalyte TDE-250) were prepared
following the previously described procedure. Theides were characterized using a Solaronix
SolarSim 150 previously calibrated. The currenttage characteristics of the cell measured
under AM 1.5G, 100% sun, were obtained by applgixigrnal potential bias to the cell and by
measuring the generated photocurrent with a Keaitmedel 2400 digital source meter
(Keithley, USA). The devices were masked prior teasurement according to a procedure
previously described to attain an illuminated aztivea of 0.16 cfn

Charge Extraction

As the name indicates, with this technique, weaextand measure the charge accumulated in
the system under operating conditions. The Charg@é&tion (CE) measurements were carried
out with a system similar to that employed by O’'Regt aft The cells were simultaneously in
open-circuit and illuminated with LEDs until thegach to the steady state. Right after, the
LEDs were switched off and the cells were shorttoted. Under these conditions, all the
accumulated charges under open-circuit conditiansbe collected, allowing the measurement
to calculate the electron densftay changing the LEDs intensity, the electron dgnsan be



estimated as a function of the cell voltage. Thiioled value determines the conduction band
edge shift of the semiconductor. The CE systemistsis six white LEDs that generate pulses
controlled by the Trigger (TGP, from Thrurlby Thamndnstruments). The voltage decay is
measured by an oscilloscope TDS 2022 from Tektf@nix

Transient Photovoltage

Transient photovoltage (TPV) measurements werecastedout with a system similar to the
one employed by O’Regan et 'alThis technique provides information on the elettro
recombination rate between the photoinjected alastin the semiconductor band and the
redox couple presents in the electrolyte underaipgy conditions. In TPV measurements, a
constant background voltage is applied to the edlls a set of white LEDs until they reach to
a steady state condition. Afterwards, an ultra-slager pulse (660 nm, 10 mW) is applied and
induces extra-injected electrons in the conducband of the Ti@ Those extra charges
recombine with the oxidized electrolyte due todpen circuit conditions, producing a transient
decay. By modifying the voltage (changing the illoation intensity of the white LEDS) it is
possible to record different transient decays. TR& equipment is the same used for CE
measurements.

Laser-Transient Absorption Spectroscopy

The measurement of Laser-Transient Absorption $psmipy (L-TAS) measurements were
similar to those carried out previously in our grdult provides us information about the
electron injection constant by monitoring the fotima of the dye cation species |Dwhich
appears after the electron injection. L-TAS canedrinate both the undesired charge
recombination of these electrons in the semicomduetith the oxidized dye and the
regeneration of the dye cation by the redox elédtd A sample is irradiated constantly at a
determinate wavelength, which corresponds to thgirmam absorption wavelength of the
excited state of the sample. At the same tims, éixcited with a short light pulse, producing a
change in the sample optical density. The changgtical density is monitored during a short
period to record the variations.

The L-TAS experiments were carried as follow. Oadime hand, we used sensitized films and
added carefully on top of the film the electrolyf@e wet film is covered with a thin microscopy
cover slide and the experiment is carried out. iAtle L-TAS experiment, the film is rinsed
with solvent to remove the electrolyte and we chibek the initial decay is recovered. On the
other hand, we also fabricated complete devicasgusery thin FTO. These devices are also
used for L-TAS measurements and the decays withdwitelectrolyte are recorded.

References related to photophysical characterizatics:
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Synthesis
Materials

4-formylphenylboronic  acid,  4-bromobenzaldehyde, i-tdrtio-butyl  phosphonium
tetrafluoroborate, palladium acetate (Il) pivalic cilg potassium carbonate,
tetrakis(triphenylphosphine)palladium(0), tris(dilzglideneacetone)dipalladium(0),  2-
cyanoacetic acid, piperidine, Zinc, n-BuLi [2.5 Ml&ion in Tetrahydrofuran (THF)], n-BuLi
[1.6 M solution in n-hexane], trimethyltin chloridelution [1 M solution in THF] were
purchased from Aldrich, Acros Organics or TCI cheasits and used as received. N-Bromo-
Succinimide (NBS) was purchased from Fisher Chelsyitia(o-tolyl)phosphine and dertio-
butyl(methyl)phosphonium tetrafluoroborate fromestr Chemicals, 2-octylthiophene from
Alfa Aesar, 3,4-diaminothiophene from Janssen Chamrlhe solvents, such as anhydrous
toluene, chloroform and acetonitrile from Aldriclene used as received. THF was used after
distillation under sodium and benzophenone. Spsotaic grade solvents from Aldrich were
used for spectral measurements.

Synthesis of Isoindigo core:
Figure S1- Synthetic route for 1-1so
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Synthesis of 6,6'-dibromo-1,1'-bis(2-ethylhexyl)-[3'-biindolinylidene]-2,2'-dione (S1)
was synthesized according to the literature

1) To a suspension of 6-bromooxindole (4.69 g, 22rinol, 1 eq) and 6- bromoisatin (5 g,
22.12 mmol, 1 eq) in acetic acid (150 mL), conc.I d@ution (0.1 ml) was added and heated
under reflux for 48h. The mixture was allowed tolct room temperature and was precipitated
in water (1L) then filtrated. The solid material svevashed with water, methanol and ethyl
acetate and provide 6,6’-dibromoisoindigo (7.383%6) as a brown solitH NMR (CDCk,
400 MHz):5 = 11.07 (s, 1H), 8.91 (d, 1H4=B.5Hz), 7.15 (d, 1H,:38.5Hz), 6.97 (s, 1H}>C
NMR (CDCk, 100 MHz):6 = 170.32, 147.26, 134.03, 132.34, 127.01, 123.28,63, 113.92.

2) To a suspension of 6,6’-dibromoisoindigo (3 g.4/mmol, 1 eq) and potassium carbonate (
4.94 g, 35.71 mmol, 5 eq) in anhydrous dimethylfaidehyde (DMF) (150 mL), 1- bromo-2-



ethylhexyl (4.14 g, 3.81 ml, 21.43 mmol, 3 eq) wagscted through a septum under nitrogen.
The mixture was stirred overnight at 100°C and theared into water (200 mL). The organic
phase was extracted with dichloromethane, wash#éd lwine and dried over MgSOAfter
removal of the solvent under reduced pressuredéep-red solids were purified by silica
chromatography, eluting with (CBl>: Hexane = 1:1) to give 6,6-dibromo-N,N’-(2-
ethylhexyl)-isoindigo $1) (3.1 g, 70 %)

IH NMR (CDCk, 400 MHz):5 = 9.00 (d, J = 8.7 Hz, 2H), 7.13 (dd,¥8.7 Hz, 3= 1.5 Hz,
2H), 6.81 (d, J = 1.5 Hz, 2H), 3.60-3.48 (m, 4HBAL1.72 (M, 2H), 1.43-1.20 (m, 16H), 0.95-
0.82 (m, 12H)3C NMR (CDCh, 100 MHz):5 = 168.25, 146.33, 132.71, 131.16, 126.82,
125.27, 120.53, 111.69, 44.53, 37.58, 30.73, 224245, 23.20, 14.19, 10.79.

Synthesis of  4-(6'-bromo-1,1'-bis(2-ethylhexyl)-2;2ioxo-[3,3'-biindolinylidene]-6-
ylbenzaldehyde (1-1so) was synthesized according the literature?:

Under argon, 4-(4,4,5,5-tetramethyl-1,3,2-dioxatene2-yl)benzaldehyde (162 mg, 698
pmol, 0.75 eq), (E)-6,6'-dibromo-1,1'-bis(2-ethyiig-[3,3'-biindolinylidene]-2,2'-dione (600
mg, 931 umol, leq), Tetrakis (triphenyl phosphipalladium (48 mg, 5% mol), potassium
carbonate (257 mg, 1.86 mmol, 2 eq) were dissoirddluene (5 mL), water (3.7 mL) and
THF (20 mL). The solution was vigorously stirrecdareated at 80°C overnight. The reaction
was quenched with HCI solution (2M) and the orgagrhase was extracted with chloroform
and washed with water and brine, dried oves3@, filtered and concentrated under vacuum.
The crude solid was chromatographed on silica gielgun-hexane/diethyl ether (9/1) as eluent
to afford1-Iso as a red solid (266 mg, 57%H NMR (CDCk, 400 MHz):5 = 10.12 (s, 1H),
9.30 (d, 1H, ¢8.3Hz), 9.13 (d, 1H,38.3Hz), 7.89 (ABQ, 4H,138.4Hz,AvAB= 73 Hz), 7.37
(dd, 1H, 3=8.4Hz, 3=1.7Hz), 7.24 (dd, 1H:38.4Hz, 3=1.7Hz), 7.04 (d, 1H,:31.5Hz), 6.96
(d, 1H, 3=1.5Hz), 3.84-3.61 (m, 4H), 1.91 (m, 2H), 1.50-1(8% 16H), 1.00-0.92 (m, 12H).
13C NMR (CDCs, 100 MHz):5 = 191.68, 168.44, 168.17, 146.31, 146.23, 1451498,62,
135.82, 133.05, 132.53, 131.04, 130.36, 127.60,6826125.11, 121.79, 121.32, 120.50,
111.55, 106.81, 44.41, 44.30, 40.83, 37.71, 3730774, 30.61, 28.76, 28.60, 24.17, 24.02,
23.81, 23.06, 20.77, 17.48, 17.28, 14.63, 14.06,6,A0.65.

Synthesis of Thienoisatin and Thieno-oxindole:
Figure S2- Synthetic routes for thienoisatin and tkeno-oxindole
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Synthesis of N-(2-ethylhexyl) thiophene-3-amine ($2vas synthesized according to the
literature 3;

3-bromothiophene (5.75 ml, 61.34 mmol), ethylherylze (11.05 ml, 67.47 mmol), copper(l)
iodide (1.17 g, 6.13 mmol), potassium carbonaté7(l, 6.13 mmol) and L-proline (1.17 g,
6.13 mmol) were stirred in 20 ml of DMSO at 80°Gzovight. The mixture was quenched with
water and extracted with diethyl ether, dried on3\, filtered, and concentrated via rotary
evaporation. The crude product was purified witltaigel chromatography (Hexane) to give
N-(2-ethylhexyl) thiophene-3-amin&2) (8.45 g, 65%) as a brownish oil that turns reitkjy

on exposure to air and lightH NMR (CDCk, 400 MHz):$ = 7.14 (dd, 1H, 1¥5.3Hz,
J»=3.2Hz), 6.62 (dd, 1H135.3Hz, 3=3.2Hz), 5.92 (dd, 1H,133Hz, 3=1.6Hz), 3.57 (m, 1H),
2.98 (d, 2H), 1.55 (m, 1H), 1.27-1.44(m, 8H), 084 (m, 6H)*C NMR (CDCE, 100 MHz):
0=149.14,124.98, 119.93, 94.79, 53.41, 49.42483%1.42, 29.05, 24.58, 23.10, 14.09, 10.97.

Synthesis of 4-(2-ethylhexyl)-4H-thieno[3,2-b]pyrrée-5,6-dione (S3) was synthesized
according to the literature®:

A dry round bottom flask was charged with oxalybdtde (6.09 g, 47.97 mmol, 4.11 mL, 1.2
equiv.) in dichloromethane (30 mL) and a stir bad aooled to 0 °C. To this flask, a solution
of N-(2-ethylhexyl)thiophene-3-amine (8.45 g, 398&0l, 1.0 equiv.) in dry dichloromethane
(20 mL) was added dropwise over 15 min via additiomel. After addition was complete, the
reaction mixture was allowed to stir for 30 mir@m temperature before dropwise addition
of a solution of triethylamine (4 mL) in dichlorothane (10 mL). The mixture was allowed to
stir at room temperature for 12 h, after which #&swpoured into water, extracted three times
with dichloromethane, dried on b&Q, filtered, and concentrated via rotary evaporatidre
residue was purified via flash silica gel chromaapdny (15% EtOAc/hexanes) to provide 4-
(2-ethylhexyl)-4H-thieno[3,2-b]pyrrole-5,6-dion&3) (5.37 g, 61% yield) of a bright orange
oil. 'H NMR (CDCk, 400 MHz):§ = 7.98 (d, 1H, 1¥4.9Hz, 6.75 (d, 1H,:34.9Hz), 3.53 (d,
2H, 3=2Hz), 1.73 (m, 1H), 1.29-1.30 (m, 8H), 0.89-0.82 6H).13C NMR (CDCk, 100 MHz):

0 =172.94, 165.46, 161.71, 143.74, 113.1, 111.645} 38.27, 30.454, 28.54, 23.82, 22.92,
13.69, 10.49. Anal. calcd fori@H1dNO2S: C, 63.36; H, 7.22; N, 5.28; O, 12.06; S, 12.08.
Found: C, 63.56; H, 7.12; N, 5.21; S, 12.02%.

Synthesis of 2-chloro-N-(2-ethylhexyl)-N-(thiopher8-yl)acetamide (S4) was synthesized
according to the literature®:

A dry round bottom flask was charged with N-(2-dtiexyl)thiophene-3-amine (7.13 g, 33.73
mmol, 1.0 equiv.) and distilled dichloromethane (BD), and set to stir at O °C. To this flask,
a solution of chloroacetyl chloride (4.19 g, 37.1dmol, 2.96 mL, 1.1 equiv.) in
dichloromethane (20 mL) was added dropwise ovemitbvia addition funnel. The reaction
mixture was allowed to warm to room temperature stitdovernight. Upon completion, the
reaction mixture was concentrated by rotary evammraand purified via flash silica gel
chromatography (10% EtOAc/hexanes) to provide &ychN-(2-ethylhexyl)-N-(thiophen-3-
yl)acetamide $4) (7.795 g, 80%) of dark red ofiH NMR (CDCk, 400 MHz):$ = 7.38 (dd,
Jh=5.2Hz, 3=3.2 Hz, 1H), 7.19 (dd133.2Hz, 3=1.2 Hz, 1H), 6.95 (dd:35.2Hz, J=1.2 Hz,
1H), 3.88 (s, 2H), 3.60 (d, J = 7.6 Hz, 2H), 1.5481(m, 1H), 1.29-1.15 (m, 8H), 0.89-0.84 (m,
3H). 13C NMR (CDCB, 100 MHz):8 = 166.9, 140.1, 126.9, 126.1, 122.0, 53.3, 42624,3
26.45, 22.90, 22.86, 14.34, 14.31.

Synthesis of 4-(2-ethylhexyl)-4,6-dihydro-5H-thien®,2-b]pyrrol-5-one  (S5) was
synthesized according to the literaturé



A Schlenk tube was charged with palladium (1) ate{(163.79 mg, 730 pmol, 6 mol %), 2-
(di-tert-butylphosphino)biphenyl (JohnPhos, 435 mhg6 mmol, 12 mol%) and 2-chloro-N-
(2-ethylhexyl)-N-(thiophen-3-yl)acetamide (3.5 g2.16 mmol, 1 equiv.). The tube was
evacuated and backfilled with nitrogen three tinseg] dry triethylamine ( 1.85 mg, 18.24
mmol, 2.55 mL, 1.5 equiv.) and degassed (freezepptitaw) toluene (20 ml) were added. The
reaction mixture was allowed to stir at 100 °C 3on. Upon completion, it was diluted with
ethyl acetate, filtered through a Celite plug aodaentrated by rotary evaporation. The residue
was purified by flash silica gel chromatography Yl®EtOAc/hexanes) to provide 4-(2-
ethylhexyl)-4,6-dihydro-5H-thieno[3,2-b]pyrrol-5-er(S5) (2.437 g, 80%) of a brown oitH
NMR (CDCl, 400 MHz):6 =7.24 (d, 1H, ¥5.1Hz), 6.74 (d, 1H,:35.1Hz), 3.58 (s, 2H), 3.55
(dd, 2H, 3=7.4Hz, 3=2.2Hz) 1.73 (m, 1H), 1.38-1.26 (m, 8H), 0.89-0(82 6H).*C NMR
(CDCls, 100 MHz):6 = 177.65, 147.25, 126.29, 114.03, 111.90, 11143& 3, 38.27, 36.24,
30.54, 28.67, 23.89, 23.02, 14.07, 10.61.

Synthesis of Thienoisoindigo et benzo-thieno-isoiingb derivatives
Figure S3- Synthetic route for 1-Tiso
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Synthesis of 1,1'-bis(2-ethylhexyl)-[3,3'-biindoliglidene]-2,2'-dione (S6) was synthesized
according to the literature*:

A dry flask was charged with 4-(2-ethylhexyl)-4,Brtro-5H-thieno[3,2-b]pyrrol-5-one (384
mg, 1.53 mmol, 1.0 equiv.), 4-(2-ethylhexyl)-4Haho[3,2-b]pyrrole-5,6-dione (405 mg, 1.53
mmol, 1.0 equiv.) in glacial acetic acid (20 mLhelreaction mixture was allowed to stir at
110°C overnight. Upon cooling, the mixture was galinto water, extracted three times with
chloroform, dried on Ng5Qy, filtered, and concentrated via rotary evaporatidre residue was
purified via flash silica gel chromatography (10%thdyl ether/hexanes) to provide 280 mg
(51% vyield) of S6 as a dark purple solidH NMR (CDCk, 400 MHz):§ = 7.52 (d, 2H,
J=5.2Hz), 6.79 (d, 2H,135.2Hz), 3.69 (m, 4H), 1.85 (m, 2H), 1.42-1.28 (t6H), 0.93-0.86
(m, 12H).13C NMR (CDCE, 100 MHz):§ =171.31, 151.55, 134.21, 121.07, 114.22, 111.35,
45.82, 38.50, 30.57, 28.65, 23.95, 23.01, 14.0%6L0

Synthesis of (E)-2-bromo-4,4'-bis(2-ethylhexyl)-[®,-bithieno[3,2-b]pyrrolylidene]-
5,5'(4H,4'H)-dione (S7):

To a solution of (E)-4,40-bis(2-hexyldecyl)-[6,6QkHieno[3,2-b] pyrrolylidene]-5,50(4H,40
H)-dione (280 mg, 561 pumol) in chloroform (25 mias added N-bromosuccimide (99 mg,
0.56 mmol, 1.0 eq) at 0°C overnight. Upon completioe reaction mixture was washed with
HCI 2M and water and dried over d&0s before it was purified over a silica column with a
Hexane/diethyl ether 90/10 eluent to give the @elsaroducs7 (366 mg, 46% yield}H NMR



(CDCls, 400 MHz):8 = 7.54 (d, 2H, 35.2Hz), 6.82 (s, 1H), 6.77 (d, 2H=5.2Hz), 3.64 (m,
4H), 1.78 (m, 2H), 1.40-1.24 (m, 16H), 0.93-0.86 {2H).1°C NMR (CDCk, 100 MHz):5 =
170.81, 170.39, 152.14, 150.44, 150.29, 139.82,6623120.38, 119.84, 115.87, 114.95,
108.66, 45.90, 38.53, 31.58, 30.52, 28.62, 28.3912 23.04, 22.64, 14.10, 14.03, 10.62. Anal.
calcd for GeHaBIN2O-Sy: C,58.22; H, 6.46: N, 4.84; O, 5.54; S, 11.10. febLC, 61.94; H,
7.09; N, 4.44; S, 10.49.

Synthesis of  4-(2'-bromo-4,4'-bis(2-ethylhexyl)-5,5lioxo-4,4',5,5'-tetrahydro-[6,6'-
bithieno[3,2-b]pyrrolylidene]-2-yl)benzaldehyde (17iso):

1) Under argon, 4-(4,4,5,5-tetramethyl-1,3,2-diaxalan-2-yl)benzaldehyde (166.9 mg, 719
pumol, 1.5 eq), (E)-2-bromo-4,4'-bis(2-ethylhexyd)q'-bithieno[3,2-b]pyrrolylidene]-
5,5'(4H,4'H)-dione (277 mg, 479 umol, 1eq), Tasdkiphenyl phosphine) palladium (23 mg,
5% mol), potassium carbonate (132.5 mg, 1.86 mbhel)) were dissolved in toluene (5 mL),
water (3.7 mL) and THF (20 mL). The solution wagorously stirred and heated at 80°C
overnight. The reaction was quenched with HCI sotu{2M) and the organic phase was
extracted with chloroform and washed with water ande, dried over N&Qs, filtered and
concentrated under vacuum. The crude solid wasnthtegraphed on silica gel using n-
hexane/DCM (9/1) as eluent to afford the desiredmaund as a blue solid (288 mg, 98%%).
NMR (CDCl, 400 MHz):6 = 10.01 (s, 1H), 7.88 (m, 4H), 7.51 (d, 2kk%.2Hz), 6.86 (s, 1H),
6.74 (d, 2H, $£5.2Hz), 3.71 (d, 2H, J=7.4Hz), 3.64 (d, 2H, J=7z%H.87-1.81 (m, 2H), 1.42-
1.26 (m, 16H), 0.96-0.86 (m, 12HfC NMR (CDC}, 100 MHz):5 = 191.16, 170.81, 170.39,
152.14, 150.44, 150.29, 139.82, 135.75, 130.46,8725123.66, 120.38, 119.84, 115.87,
114.95, 108.66, 45.90, 38.53, 31.58, 30.52, 2&882X%9, 23.91, 23.04, 22.64, 14.10, 14.03,
10.62. Anal. calcd for §sH42N20sSp: C, 69.73; H, 7.02; N, 4.65; O, 7.96; S, 10.64urkh C,
69.86; H, 6.81; N, 4.55; S, 10.41.

2) To a solution of (E)-4-(4,4'-bis(2-ethylhexyl)s5dioxo-4,4'5,5'-tetrahydro-[6,6'-
bithieno[3,2-b]pyrrolylidene]-2-yl)benzaldehyde @8&1g, 477 pmol) in chloroform (25 ml)
was added N-bromosuccimide (85 mg, 0.48 mmol, 4)Gae0°C overnight. Upon completion
the reaction mixture was washed with HCI 2M andewand dried over N&Qx: before it was
purified over a silica column with a Hexane/DCM 80kluent to give the desirddTiso (309
mg, 95% vyield)!H NMR (CDCk, 400 MHz): § = 10.01 (s, 1H), 7.88 (m, 4H), 7.09 (s, 1H),
6.82 (s, 1H), 3.71 (d, 2H, J=7.4Hz), 3.64 (d, 2&7.4Hz), 1.87-1.81 (m, 2H), 1.42-1.26 (m,
16H), 0.96-0.86 (m, 12H}3C NMR (CDC}, 100 MHz):6 = 191.16, 170.81, 170.39, 152.14,
150.44, 150.29, 139.82, 135.75, 130.46, 125.87,6623120.38, 119.84, 115.87, 114.95,
108.66, 45.90, 38.53, 31.58, 30.52, 28.62, 28.3912 23.04, 22.64, 14.10, 14.03, 10.62. Anal.
calcd for GsHa1BrN2OsS: C,61.66; H, 6.06; N, 4.11; O, 7.04; S, 9.41. Fbud, 61.20; H,
5.89; N, 3.96; S, 9.19.

Figure S4- Synthetic route for 1-Altiso
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Synthesis of (Z)-6-(6-bromo-1-(2-ethylhexyl)-2-oxadolin-3-ylidene)-4-(2-ethylhexyl)-
4,6-dihydro-5H-thieno[3,2-b]pyrrol-5-one (S8) was ynthesized according to the
literature °:

1) A dry round bottom flask was charged with 4-(Byhexyl)-4H-thieno[3,2-b]pyrrole-5,6-
dione (1.25 g, 4.72 mmol, 1.0 equiv.), 6-bromooxied(1 g, 4.72 mmol, 1 equiv.), glacial
acetic acid (25 mL), a stir bar and 3 drops of cd#Cl. The reaction mixture was allowed to
stir at reflux (125 °C), until all of the startimdjone was consumed. Upon cooling to room
temperature, the mixture was poured into wateraettd three times with chloroform, dried
on NaSQy, filtered, and concentrated via rotary evaporatidre residue was purified via flash
silica gel chromatography (10% ethyl acetate/hespn® provide (Z)-6-(6-bromo-2-
oxoindolin-3-ylidene)-4-(2-ethylhexyl)-4,6-dihyd&H-thieno[3,2-b]pyrrol-5-one (633 mg,
56% vyield) as a dark red solitH NMR (CDCk, 400 MHz):5 = 10.57 (s, 1H), 8.79 (d, 1H,
Jh=8.5Hz), 7.5 (d, 1H,1¥5.2Hz), 6.93 (dd, 1H,:38.5Hz, 3=1.8Hz), 6.80 (d, 1H,131.8Hz),
6.62 (d, 1H, &5.2Hz), 3.57 (d, 2H,:32Hz), 1.79 (m, 1H), 1.34-1.26 (m, 8H), 0.89-0.8% (
6H). *C NMR (CDCBE, 100 MHz):6 = 171.25, 170.24, 153.55, 142.85, 137.20, 129.28,55,
124.75, 124.58, 121.15, 120.45, 114.69, 112.81,991015.73, 38.57, 31.55, 30.627, 28.73,
23.99, 2261, 14.06.

2) A dry round bottom flask was charged with (Zjebromo-2-oxoindolin-3-ylidene)-4-(2-
ethylhexyl)-4,6-dihydro-5H-thieno[3,2-b]pyrrol-5-en(633 mg, 1.38 mmol, 1.0 equiv.), 2-
ethylhexylbromide (798 mg, 4.13 mmol, 3 equiv.), BK20 mL) and a stir bar. The flask was
stirred at 100 °C for 5 min to ensure all of trertshg material was solubilized. Lastly potassium
carbonate (952 mg, 6.89 mmol, 5 equiv.) was addgbrtion, and the reaction mixture was
allowed to stir at 100 °C for 2 h until all stagimaterial was consumed. Upon cooling to room
temperature, the mixture was poured into wateraeted three times with chloroform, dried
on NaSQ, filtered, and concentrated via rotary evaporatidre residue was purified via flash
silica gel chromatography (10% dichloromethane/hesa to provide (Z)-6-(6-bromo-1-(2-
ethylhexyl)-2-oxoindolin-3-ylidene)-4-(2-ethylhejyyd,6-dihydro-5H-thieno[3,2-b]pyrrol-5-
oneS8as a pink solid (852 mg, 62% yieldd NMR (CDCk, 400 MHz):§ = 9.14 (d, 1H,
J=8.5Hz), 7.59 (d, 1H,:35.2Hz), 7.22 (dd, 1H,138.5Hz, 3=1.8Hz), 6.97 (d, 1H,:31.8Hz),
6.75 (d, 1H, #5.2Hz), 3.71-3.64 (m, 4H), 1.84 (m, 2H), 1.41-1(89 16H), 0.89-0.95 (m,
12H). 13C NMR (CDCE, 100 MHz):$ = 170.80, 169.25, 153.28, 145.20, 136.84, 130.172,
129.85, 125.11, 124.90, 121.73, 120.09, 114.78,5P11111.07, 45.88, 44.40, 38.51, 37.51,
30.64, 30.58, 28.71, 28.69, 24.03, 24.01, 23.08430.71, 10.66.

Synthesis of 4-(3-(2-bromo-4-(2-ethylhexyl)-5-oxo0;8-dihydro-6H-thieno[3,2-b]pyrrol-6-
ylidene)-1-(2-ethylhexyl)-2-oxoindolin-6-yl)benzaléhyde (1-Altiso)

1) Under argon, 4-(4,4,5,5-tetramethyl-1,3,2-dicxalan-2-yl)benzaldehyde (170 mg, 735
pmol, 1.5 eq), (2)-6-(6-bromo-1-(2-ethylhexyl)-2amrdolin-3-ylidene)-4-(2-ethylhexyl)-4,6-
dihydro-5H-thieno[3,2-b]pyrrol-5-one (280 mg, 490mgal, leq) , Tetrakis (triphenyl
phosphine) palladium (28 mg, 5% mol), potassiunb@aate (135 mg, 980 umol, 2 eq) were
dissolved in toluene (5 mL), water (0.5 mL) and THB mL). The solution was vigorously
stirred and heated at 80°C overnight. The reaatias quenched with HCI solution (2M) and
the organic phase was extracted with Chloroformvaashed with water and brine, dried over
NaSQy, filtered and concentrated under vacuum. The craliel was chromatographed on
silica gel using n-hexanel/ethyl acetate (9/1) asrdlto afford the desired product as a dark
pink solid (286 mg, 98%)'H NMR (CDCk, 400 MHz):é = 10.08 (s, 1H), 9.34 (d, 1H,
J=8.3Hz), 7.89 (ABQ, 4H,:38.4Hz,AvAB= 73 Hz), 7.60 (d, 1H,:35.2Hz), 7.37 (dd, 1H,
J=8.2Hz, 3=1.8Hz), 7.08 (d, 1H,131.8Hz), 6.76 (d, 1H,135.2Hz), 3.79 (m, 2H), 3.67 (m,
2H), 1.94 (m, 2H), 1.85 (m, 2H), 1.41-1.29 (m, 16BL89-0.95 (m, 12H):3C NMR (CDCE,
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100 MHz):6 = 191.74, 170.81, 169.52, 153.24, 146.70, 144.82,98, 136.82, 135.62, 130.35,
129.21,127.64,121.48,121.37, 111.05, 106.78,/484.29, 38.52, 37.76, 30.71, 30.65, 28.72,
24.18, 24.02, 23.09, 23.05, 14.09, 10.83, 10.6&l Avalcd for GeHaaN20sS: C, 74.46; H, 7.43,;

N, 4.69; O, 8.04; S, 5.37. Found: C, 71.99; H, 7I884.12; S, 4.87.

2) Under argon, (Z)-4-(1-(2-ethylhexyl)-3-(4-(2-gliexyl)-5-oxo-4,5-dihydro-6H-thieno[3,2-
b]pyrrol-6-ylidene)-2-oxoindolin-6-yl)benzaldehyd€l50 mg, 251.3 pmol, 1 eq) was
solubilized in chloroform (20 ml) at 0°C. N-bromasinimide (49.2 mg, 276.5 umol, 1.1 eq)
was added in three portions over 15 min. The reactiixture was allowed to stir overnight at
ambient temperature. The mixture was extracted ehtbroform and washed with HCI 2M,
dried over NaSQ; and concentrated by rotary evaporation. The cpudeuct was purified via
silica gel chromatography (1:1 dichloromethane/lne¥ao provide (Z)-4-(3-(2-bromo-4-(2-
ethylhexyl)-5-ox0-4,5-dihydro-6H-thieno[3,2-b]pyt+6-ylidene)-1-(2-ethylhexyl)-2-
oxoindolin-6-yl)benzaldehydel {Altiso) as a purple solid (317 mg, 98%H NMR (CDCE,
400 MHz):6 = 10.08 (s, 1H), 9.27 (d, 1H;=B.3Hz), 7.88 (ABQ, 4H,1¥8.4Hz, AvAB= 73
Hz), 7.35 (dd, 1H,¥8.2Hz, 3=1.8Hz), 7.06 (d, 1H,:31.8Hz), 6.79 (s, 1H), 3.77 (m, 2H),
3.62 (m, 2H), 1.91 (m, 2H), 1.80 (m, 2H), 1.46-1(&% 16H), 0.89-0.95 (m, 12H}*C NMR
(CDCl3, 100 MHz): 6 = 191.68, 169.89, 169.56, 151.79, 146.57, 144182.10, 135.67,
130.35, 130.07, 129.50, 129.18, 129.07, 127.59,1%26121.67, 121.47, 121.38, 115.27,
114.54, 106.89, 45.89, 44.37, 38.53, 37.78, 3B0XKO0, 28.74, 28.67, 24.18, 23.98, 23.08,
14.08, 10.80, 10.64. Anal. calcd fogA43BrN20sS: C, 65.77; H, 6.41; N, 4.15; O, 7.10; S,
4.75; Br, 11.82. Found: C, 64.91; H, 6.28; N, 3.954.58.

Synthesis of aldehyde derivatives
Synthesis of (E)-4-(6'-(5-(4-(diphenylamino)phenybi-octylthiophen-2-yl)-1,1'-bis(2-
ethylhexyl)-2,2'-dioxo-[3,3'-biindolinylidene]-6-yl)benzaldehyde (3-Iso):

Under argon, 4-(3-octylthiophen-2-yl)-N,N-diphenyillene (200 mg, 909.8 pmol) was
dissolved in distilled THF (10 mL) then n-BuLi (G&4, 218 pL, 545 umol) was added at -78°C.
The solution was stirred for an hour at -60°C befadding BeSnCl (185 pL, 682.3 pmol) at
-78°C. The solution was allowed to reach room teepee and stirred for 2 hours. The reaction
was quenched with a saturated solution of ammorghharide and the organic phase was
extracted with diethyl ether, dried with POy, filtered and concentrated under reduced
pressure. The resulting oil was engaged withoutfartyer purification in a Stille coupling
reaction with (E)-4-(6'-bromo-1,1'-bis(2-ethylhex{, 2'-dioxo-[3,3"-biindolinylidene]-6-
yl)benzaldehyde (200 mg, 298.6 pmol).dfuk (10.9 mg, 11.9 pmol) and P(o-tokyl)7.27
mg, 23.9 umol) dissolved in anhydrous toluene (1% amd refluxed for 24 hours. The mixture
was then poured into HCI (2 M). The organic phass extracted with CHg;lwashed with
HCI (2 M), dried over Ng5Qx and concentrated under reduced pressure. The salidewas
purified by chromatography on silica gel using y¢etherh-hexane 3:7 as eluent to aff@d

Iso as a dark solid. (263 mg, 255 mmol, 86%) NMR (CDCk, 400 MHz):5 = 10.08 (s, 1H),
9.22 (ABQ, 2H, #=8.3Hz, AvAB= 25.02 Hz), 7.89 (ABQ, 4H,138.3Hz,AvAB= 77.14 Hz),
7.35-7.27 (m, 9H), 7.16 (m, 4H), 7.10 (m, 2H), 7084 (m, 2H), 7.00 (dd, 2H.=PHz,
%=1.6Hz), 3.75 (m, 4H), 2.70 (m, 2H), 1.91 (m, 2H)71-1.60 (m, 5H), 1.48-1.26 (m, 23H),
0.99-0.86 (m, 15H):3C NMR (CDCB, 100 MHz):5 = 191.68, 168.66, 168.56, 147.47, 147.44,
146.48, 145.99, 145.66, 143.32, 142.86, 140.94,7¥39139.40, 138.39, 135.74, 133.27,
131.25, 130.49, 130.35, 130.09, 129.92, 129.78,3829128.98, 128.40, 127.85, 127.56,
127.13,124.82, 123.33, 122.87, 122.13, 121.11,682018.84, 106.60, 104.65, 44.26, 44.18,
37.81, 37.78, 31.91, 31.03, 30.88, 30.81, 29.5A4329.28, 29.01, 28.94, 28.84, 24.34, 24.23,
23.10, 22.69, 14.13, 14.11, 10.86, 10.81. Anacdcébr GoH77N30O3S: C, 80.58; H, 7.55; N,
4.09; O, 4.67; S, 3.12. Found: C, 80.31; H, 7.42481; S, 2.96.
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Synthesis of 2-cyano-3-(4-((E)-6'-(5-(4-(diphenylaimo)phenyl)-4-octylthiophen-2-yl)-
1,1'-bis(2-ethylhexyl)-2,2'-dioxo-[3,3'-biindolinylidene]-6-yl)phenyl)acrylic  acid  (3-
Altiso):

Under  argon, (E)-4-(6'-(5-(4-(diphenylamino)pherddpctylthiophen-2-yl)-1,1'-bis(2-
ethylhexyl)-2,2'-dioxo-[3,3'-biindolinylidene]-6-}denzaldehyde (175 mg, 170.16 pmol),
cyanoacetic acid (144.74 mg, 1.70 mmol), were dhiesbin a mixture of acetonitrile (6 mL)
and chloroform (4 mL). A catalytic amount of pigkne was added and the solution was
refluxed for 3 hours. Solvent was removed undeuced pressure and the solid dissolved in
chloroform. The organic phase was washed with Hllit®n (2 M), dried on N£&O; and
concentrated. The crude solid was purified by clategraphy on silica gel using DCM,
DCM/MeOH 98:2 and DCM/MeOH/Acetic acid 90:5:5 asegit to afford3-Altiso as a black
solid (185 mg, 169 pmol, 98%H NMR (THF d8, 400 MHz)5 = 9.39 (dd, 2H,¥8.5Hz, 3=
22.4 Hz), 8.29 (s, 1H), 8.03 (ABQ, 4H=8.3Hz,AvAB= 101.95 Hz), 7.45 (s,1H), 7.45-7.35
(m, 3H), 7.31-7.26 (m, 5H), 7.21 (s, 1H), 7.14-7(6%, 9H), 3.78 (m, 4H), 2.70 (m, 2H), 1.97
(m, 2H), 1.51-1.25 (m, 30H), 1.01-0.86 (m, 15K NMR (THF d8, 100 MHz):5 = 169.24,
169.16, 153.74, 148.60, 147.15, 146.95, 145.32,4¥43142.04, 140.59, 140.03, 139.03,
133.47, 132.76, 132.36, 131.99, 131.82, 131.46,64301030.25, 128.97, 128.27, 128.16,
125.72, 124.22, 123.72, 123.15, 121.85, 121.15,061907.03, 105.07, 44.61, 44.50, 38.86,
38.71, 32.93, 31.94, 31.81, 31.66, 30.54, 30.4813@9.86, 29.77, 29.61, 24.07, 23.62, 14.51,
11.17, 11.06.

HRMS (ESI): [M]+.= 1094.5741 (0 ppm) (calcd. forB7sN404S: 1094.57383).

Synthesis of (E)-4-(2'-(5-(4-(diphenylamino)phenyit-octylthiophen-2-yl)-4'-(2-
ethylbutyl)-4-(2-ethylhexyl)-5,5'-dioxo-4,4",5,5'-etrahydro-[6,6'-bithieno[3,2-
b]pyrrolylidene]-2-yl)benzaldehyde (3-Tiso):

Under argon, 4-(3-octylthiophen-2-yl)-N,N-diphenyilene (93 mg, 211.53 pmol) was
dissolved in distilled THF (10 mL) then n-BuLi (51M, 152 pL, 243.26 umol) was added at -
78°C. The solution was stirred for an hour at -6@%fore adding BssnClI (69.2 uL, 317.3
pmol) at -78°C. The solution was allowed to reambnm temperature and stirred for 2 hours.
The reaction was quenched with a saturated solatiaammonium chloride and the organic
phase was extracted with diethyl ether, dried W#aSQ;, filtered and concentrated under
reduced pressure. The resulting oil was engagedabuitany further purification in a Stille
coupling reaction with (E)-4-(2'-bromo-4,4'-bis(@yghexyl)-5,5'-dioxo-4,4',5,5'-tetrahydro-
[6,6'-bithieno[3,2-b]pyrrolylidene]-2-yl)benzaldetty (115 mg, 168.7 umol), Ritba (3.9 mg,
4.23 pmol) and P(o-tolyd)(2.58 mg, 8.46 pmol) dissolved in anhydrous todugtd mL) and
refluxed for 24 hours. The mixture was then pourgd HCI (2 M). The organic phase was
extracted with CHG| washed with HCI (2 M), dried over B8O, and concentrated under
reduced pressure. The crude solid was purifiedhbgroatography on silica gel using diethyl
ether/n-hexane 3:7 as eluent to aff8rdliso as a greenish solid. (135 mg, 129.7 mmol, 77%).
'H NMR (CDCk, 400 MHz):6 = 9.96 (s, 1H), 7.82 (g, 4H=B.3Hz), 7.31-7.26 (m, 7H), 7.15
(m, 4H), 7.09-7.04 (m, 4H), 7.02 (s, 1H), 6.70 18l), 3.69-3.63 (m, 4H), 2.64 (t, 2H,
Ji=7.3Hz), 1.85 (m, 2H), 1.68-1.60 (m, 5H), 1.42-1(@8 23H), 0.94-0.87 (m, 15HYC NMR
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(CDCls, 100 MHz): 6 = 191.20, 171.12, 170.80, 152.66, 151.19, 148194.60, 147.48,
147.09, 140.09, 139.81, 139.33, 135.51, 134.82,9830130.48, 129.71, 129.50, 128.91,
127.84, 127.50, 125.68, 124.99, 123.51, 122.80,8(20118.36, 116.62, 113.54, 108.54,
106.96, 45.96, 45.90, 38.64, 32.02, 30.98, 30.666% 29.54, 29.38, 29.11, 28.76, 28.71,
27.96, 26.96, 24.04, 23.19, 22.80, 17.64, 14.2519413.72, 10.79. Anal. calcd for
C6sH73N303Ss: C, 75.03; H, 7.07; N, 4.04; O, 4.61; S, 9.24. e C, 71.85; H, 7.06; N, 3.58;
S, 8.25.

Synthesis of 4-(6'-(6-(diphenylamino)-4,4-bis(4-hgkphenyl)-4H-indeno[1,2-b]thiophen-
2-yl)-1,1'-bis(2-ethylhexyl)-2,2'-dioxo-[3,3'-biindlinylidene]-6-yl)benzaldehyde (2-1so):

Under argon, 4,4-dioctyl,N-N’-diphenyl-4H-indena?ih]thiophen-6-amine (308 mg, 467
pmol) was dissolved in distilled THF (20 mL) thefBaLi (1.5M, 383 pL, 537 umol, 1.15 eq)
was added at -78 °C. The solution was stirred flon@ur at -60 °C before adding trimethyltin
chloride solution (1M, 700 pL, 700 umol, 1.5 eq) @ °C. The solution was allowed to reach
room temperature and stirred for 2 hours. The i@aetas quenched with a saturated solution
of ammonium chloride and the organic phase wasetad with pentane, washed with water
and dried on Ng5Qy, filtered and concentrated under vacuum. The tiegubil was engaged
without any further purification in a Stille coupg with (Z)-4-(3-(2-bromo-4-(2-ethylhexyl)-
5-0x0-4,5-dihydro-6H-thieno[3,2-b]pyrrol-6-ylidené}(2-ethylhexyl)-2-oxoindolin-6-
yl)benzaldehyde (250 mg, 373 pumol, 0.8 eqpdBé (8.55 mg, 9.33 umol, 0.02 eq) and P(o-
tolyl)s (5.68 mg, 18.66 umol, 0.04 eq) in anhydrous tau@&® ml) and refluxed overnight.
The mixture was then poured into HCI (2M). The miggphase was extracted with chloroform,
washed with water, dried over p&0; and concentrated. The crude solid was chromatbgrap
on silica using Diethyl etherthexane: 3/7 as eluent to affd2dso as a brown solid (366 mg,
78.6%).'"H NMR (CDCk, 400 MHz):8 = 10.08 (s, 1H), 9.21 (ABQ, 2H;=B.3Hz, AvAB=
26.83 Hz), 7.89 (ABQ, 4H,38.3Hz,AvAB= 76.74 Hz), 7.33-7.27 (m, 4H), 7.23-7.18 (m, 5H)
7.11-6.95 (m, 17H), 3.75 (m, 4H), 2.56 (m, 4H),QL(gn, 2H), 1.58 (m, 2H), 1.45-1.29 (m,
22H), 0.98-0.86 (m, 18H}3C NMR (CDCE, 100 MHz):$ = 191.70, 168.72, 168.59, 156.17,
155.15, 147.54, 146.54, 146.40, 146.00, 145.85,6045142.88, 142.13, 141.55, 141.50,
139.03, 135.73, 133.18, 131.32, 131.14, 130.48,3530130.02, 129.18, 128.303 127.79,
127.59, 124.24, 122.92, 122.88, 122.17, 122.03,1421120.72, 120.62, 120.07, 118.71,
106.63, 104.39, 63.33, 44.26, 44.14, 37.79, 3538675, 31.40, 30.89, 30.80, 30.35, 29.14,
28.90, 28.82, 24.31, 24.22, 23.09, 22.62, 14.1B71A0.80. Anal. calcd forgeHesN3O3S: C,
82.72; H, 7.51; N, 3.36; O, 3.84; S, 2.57. Found8Z70; H, 7.54; N, 3.35; S, 2.42.

Synthesis of 4-(3-(2-(6-(diphenylamino)-4,4-bis(4dxylphenyl)-4H-indeno[1,2-
b]thiophen-2-yl)-4-(2-ethylhexyl)-5-0x0-4,5-dihydre6H-thieno[3,2-b]pyrrol-6-ylidene)-
1-(2-ethylhexyl)-2-oxoindolin-6-yl)benzaldehyde (Altiso):

Under argon, 4,4-dioctyl,N-N’-diphenyl-4H-indena?ib]thiophen-6-amine (200 mg, 303
pmol) was dissolved in distilled THF (10 mL) thesBaLi (2.5M, 151 uL, 364 pmol, 1.2eq)
was added at -78 °C. The solution was stirred fohaur at -60 °C before adding tributyltin
chloride (123 pL, 455 pmol, 1.5 eq) at -78 °C. ®wdution was allowed to reach room
temperature and stirred for 2 hours. The reactias guenched with a saturated solution of
ammonium chloride and the organic phase was egttagith pentane, washed with water and
dried on NaSQ, filtered and concentrated under vacuum. The tiegubil was engaged
without any further purification in a Stille coupgj with (Z2)-4-(3-(2-bromo-4-(2-ethylhexyl)-
5-0x0-4,5-dihydro-6H-thieno[3,2-b]pyrrol-6-ylidené}(2-ethylhexyl)-2-oxoindolin-6-
yh)benzaldehyde (150 mg, 222 umol, 1 eq) and PY{Fh1.45 mg, 1lumol, 5% mol). The
products were dissolved in anhydrous toluene (2Cand)refluxed overnight. The mixture was
then poured into HCI (2M). The organic phase wasaeked with chloroform, washed with
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water, dried over N&Qs and concentrated. The crude solid was chromatbgrhpn silica
using DCM/n-hexane : 3/7 and then 1/1 as eluenffftrd 2-Altiso as a dark solid (145 mg,
52%).'H NMR (CDCk, 400 MHz):6 = 10.08 (s, 1H), 9.28 (d, 1H=B.3Hz), 7.89 (ABQ, 4H,
h=8.4Hz, AVAB= 73 Hz), 7.39 (s, 1H), 7.37 (dd, 1H=8.2Hz, 3=1.8Hz), 7.28 (d, 1H,
h=8.2Hz), 7.24 (s, 1H), 7.21 (m, 2H), 7.20 (m, 2H)09-7.01 (m, 15H), 6.95 (dd, 1H,
Jh=8.2Hz, 3=1.8Hz), 6.76 (s, 1H), 3.79 (m, 2H), 3.67 (d, 2t 7A7Hz), 2.56 (t, 4H,:.F7.7HZz),
1.94 (m, 1H), 1.87 (m, 1H), 1.59(m, 4H), 1.48-1(8§ 28H), 0.89-0.95 (m, 18H)3C NMR
(CDCl;, 100 MHz):6 = 191.76, 170.79, 169.78, 156.31, 155.28, 15319B,.33, 147.47,
146.84, 146.68, 144.38, 142.61, 141.55, 141.34,2141138.93, 135.53, 130.92, 130.36,
129.40, 129.22, 128.61, 128.35, 127.77, 127.58,3624123.06, 122.74, 121.88, 121.84,
121.67,121.32,120.17,119.66, 106.73, 106.123%35.84, 44.36, 38.51, 37.82, 35.57, 31.76,
31.41, 30.77, 30.57, 29.11, 28.81, 28.63, 27.8B72@4.22, 23.98, 23.10, 22.63, 17.55, 14.12,
13.62, 10.93, 10.67. Anal. calcd fogsH91N30:S: C, 80.41; H, 7.31; N, 3.35; O, 3.83; S, 5.11.
Found: C, 79.19; H, 7.37; N, 3.12; S, 4.71.

Synthesis of 4-(2'-(6-(diphenylamino)-4,4-bis(4-hgphenyl)-4H-indeno[1,2-b]thiophen-
2-yl)-4,4'-bis(2-ethylhexyl)-5,5'-dioxo0-4,4',5,5'-¢trahydro-[6,6'-bithieno[3,2-
b]pyrrolylidene]-2-yl)benzaldehyde (2-Tiso):

Under argon, 4,4-dioctyl,N-N’-diphenyl-4H-indenaih]thiophen-6-amine (151 mg, 228.8
pmol) was dissolved in distilled THF (10 mL) theaoLi (1.5 M, 241 pL, 263.12 pmol) was
added at -78°C. The solution was stirred for anr ldu60°C before adding BBnCl (74 pL,
343.19 umol) at -78°C. The solution was allowedemch room temperature and stirred for 2
hours. The reaction was quenched with a saturaikdien of ammonium chloride and the
organic phase was extracted with diethyl etheeddwith NaSQ;, filtered and concentrated
under reduced pressure. The resulting oil was extjagthout any further purification in a
Stille coupling reaction with (E)-4-(2'-bromo-44i5(2-ethylhexyl)-5,5'-dioxo-4,4',5,5'-
tetrahydro-[6,6'-bithieno[3,2-b]pyrrolylidene]-2)plenzaldehyde (125 mg, 183.04 pmol),
Pcdbas (4.2 mg, 4.58 umol) and P(o-toly(2.8 mg, 9.15 pmol) dissolved in anhydrous toluene
(15 mL) and refluxed for 24 hours. The mixture w@sn poured into HCI (2 M). The organic
phase was extracted with CHQlashed with HCI (2 M), dried over b0 and concentrated
under reduced pressure. The crude solid was pdiffyechromatography on silica gel using
DCM/n-hexane 2:8 as eluent to aff@€riso as a greenish solid. (157 mg, 124.5 mmol, 68%).
'H NMR (CD.Clz, 400 MHz):8 = 9.99 (s, 1H), 7.86 (m, 4H), 7.36 (s, 1H), 7.83 {H,
Jh=8.2Hz), 7.25 (m, 1H), 7.16 (d, 1H~2Hz), 7.13 (s, 1H), 7.11-7.02 (m, 14H), 6.98 (4,
Jh=8.2Hz, J=2Hz), 6.85 (s, 1H), 3.71-3.66 (m, 4H), 2.58 (t,,447.6Hz), 1.86 (m, 2H), 1.60
(m, 4H), 1.45-1.29 (m, 22H), 0.97-0.87 (m, 18f0.NMR (CD:Clz, 100 MHz):5 = 191.43,
171.41, 171.10, 156.56, 155.52, 153.17, 151.91,3B49147.91, 147.52, 147.12, 142.50,
142.23, 141.79, 140.32, 139.88, 136.07, 131.25,7030129.65, 128.79, 128.09, 126.05,
124.81, 123.55, 123.06, 122.07, 121.29, 120.92,5820118.63, 116.70, 113.78, 109.18,
107.19, 63.65, 46.20, 39.06, 39.01, 35.88, 32.180@ 31.02, 30.95, 29.50, 29.12, 29.04,
24.39, 23.51, 23.04, 14.28, 10.85. Anal. calcdGeisoN:0sS3: C, 78.12; H, 7.12; N, 3.33;
0, 3.81; S, 7.63. Found: C, 77.05; H, 6.97; N, 3257.65.

Synthesis of the dyes

Synthesis of (2)-4-(3-(2-(5-(4-(diphenylamino)pheny+4-octylthiophen-2-yl)-4-(2-
ethylhexyl)-5-ox0-4,5-dihydro-6H-thieno[3,2-b]pyrrd-6-ylidene)-1-(2-ethylhexyl)-2-
oxoindolin-6-yl)benzaldehyde (TPAT8-Iso):

Under argon, (E)-4-(6'-(5-(4-(diphenylamino)pherddbctylthiophen-2-yl)-1,1'-bis(2-
ethylhexyl)-2,2'-dioxo-[3,3"-biindolinylidene]-6-ydenzaldehyde (175 mg, 170.16 pumol),
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cyanoacetic acid (144.74 mg, 1.70 mmol), were ¢hiesbin a mixture of acetonitrile (6 mL)
and chloroform (4 mL). A catalytic amount of pipgkrie was added and the solution was
refluxed for 3 hours. Solvent was removed undeuced pressure and the solid dissolved in
chloroform. The organic phase was washed with HBit®n (2 M), dried on N&8Qs and
concentrated. The crude solid was purified by clategraphy on silica gel using DCM,
DCM/MeOH 98:2 and DCM/MeOH/Acetic acid 90:5:5 asiezit to affordTPAT8-Iso as a
black solid (185 mg, 169 pmol, 98%H NMR (CDCk, 400 MHz):8 = 9.39 (dd, 2H,:¥8.5Hz,

J= 22.4 Hz), 8.29 (s, 1H), 8.03 (ABQ, 4H~8.3Hz,AvAB= 101.95 Hz), 7.45 (s,1H), 7.45-
7.35 (m, 3H), 7.31-7.26 (m, 5H), 7.21 (s, 1H), #71@2 (m, 9H), 3.78 (m, 4H), 2.70 (m, 2H),
1.97 (m, 2H), 1.51-1.25 (m, 30H), 1.01-0.86 (m, 15¥C NMR (THF d8, 100 MHz)5 =
169.24, 169.16, 153.74, 148.60, 147.15, 146.95,3P45143.44, 142.04, 140.59, 140.03,
139.03, 133.47, 132.76, 132.36, 131.99, 131.82,4631130.64, 130.25, 128.97, 128.27,
128.16, 125.72, 124.22, 123.72, 123.15, 121.85,152119.05, 107.03, 105.07, 44.61, 44.50,
38.86, 38.71, 32.93, 31.94, 31.81, 31.66, 30.54163(380.31, 29.86, 29.77, 29.61, 24.07, 23.62,
14.51,11.17, 11.06.

Synthesis of (E)-2-cyano-3-(4-((2)-3-(2-(5-(4-(dignylamino)phenyl)-4-octylthiophen-2-
yl)-4-(2-ethylhexyl)-5-oxo0-4,5-dihydro-6H-thieno[32-b]pyrrol-6-ylidene)-1-(2-
ethylhexyl)-2-oxoindolin-6-yl)phenyl)acrylic acid TPAT8-Altiso):

Under argon, (2)-4-(3-(2-(5-(4-(diphenylamino)phbBriroctylthiophen-2-yl)-4-(2-
ethylhexyl)-5-ox0-4,5-dihydro-6H-thieno[3,2-b]pytr6-ylidene)-1-(2-ethylhexyl)-2-
oxoindolin-6-yl)benzaldehyde (230 mg, 222.3 pmoyanoacetic acid (94.6 mg, 1.11 mmol),
were dissolved in a mixture of acetonitrile (6 nald chloroform (4 mL). A catalytic amount
of piperidine was added and the solution was refiufor 3 hours. Solvent was removed under
reduced pressure and the solid dissolved in chdomaf The organic phase was washed with
HCI solution (2 M), dried on N&Q: and concentrated. The crude solid was purified by
chromatography on silica gel using DCM, DCM/MeOH2&nd DCM/MeOH/Acetic acid
90:5:5 as eluent to afford TPAT8-Altiso as a grebrsiolid (204 mg, 185 pmol, 84%H NMR
(THF-d, 400 MHz):6 = 9,31 (d, 1H, ¥8.3Hz), 8.29 (s, 1H), 8.03 (ABQ, 4H;=8.3Hz,
AvAB=101.03 Hz), 7.44 (m, 2H), 7.36 (m, 2H), 7.30& (t, 5H), 7.13-7.02 (m, 8H), 7.00 (s,
1H), 3.84 (m, 2H), 3.72 (m, 2H), 2.71 (t, 2H+3.3Hz), 2.02 (m, 1H), 1.93 (m, 1H), 1.50-1.26
(m, 28H), 0.99-0.87 (m, 15H}3C NMR (THF-d, 100 MHz):5= 171.02, 169.92, 163.65,
154.79, 153.62, 148.95, 148.48, 148.28, 145.58,5845141.69, 140.46, 139.98, 135.60,
132.14, 130.28, 130.02, 129.73, 129.41, 128.68,2428128.02, 125.59, 124.08, 123.28,
122.54, 121.12, 120.32, 116.21, 114.56, 107.34,9806.04.33, 46.01, 44.49, 39.30, 38.53,
32.68, 31.58, 31.40, 31.27, 30.53, 30.44, 30.30,83(30.04, 29.59, 29.33, 29.30, 23.85, 23.79,
23.36, 14.25, 10.85, 10.74. HRMS (ESI): [M]+.= 18806 (0 ppm) (calcd. forH76N404s:
1100.53025).

Synthesis of (E)-2-cyano-3-(4-((E)-2'-(5-(4-(diphetamino)phenyl)-4-octylthiophen-2-
yl)-4,4'-bis(2-ethylhexyl)-5,5'-dioxo-4,4',5,5'-tetahydro-[6,6'-bithieno[3,2-
b]pyrrolylidene]-2-yl)phenyl)acrylic acid (TPAT8-Ti so):

Under argon, (E)-4-(2'-(5-(4-(diphenylamino)pherdbctylthiophen-2-yl)-4'-(2-ethylbutyl)-
4-(2-ethylhexyl)-5,5'-dioxo-4,4',5,5'-tetrahydro§6bithieno[3,2-b]pyrrolylidene]-2-
yhbenzaldehyde (120 mg,115.3 pmol), cyanoaceit @8 mg, 1.15 mmol), were dissolved
in a mixture of acetonitrile (6 mL) and chlorofor@h mL). A catalytic amount of piperidine
was added and the solution was refluxed for 3 hdbodvent was removed under reduced
pressure and the solid dissolved in chloroform. ®hganic phase was washed with HCI



15

solution (2 M), dried on N&Qs and concentrated. The crude solid was purified by
chromatography on silica gel using DCM, DCM/MeOH2&nd DCM/MeOH/Acetic acid
90:5:5 as eluent tbPAT8-Tiso as a greenish solid (113 mg, 102 pmol, 84%INMR (THF-

d, 400 MHz):6 = 8.20 (s, 1H), 8.07 (m, 2H), 7.96-7.86 (m, 2AH%0-7.25 (m, 8H), 7.13-7.03
(m, 8H), 3.75 (m, 4H), 2.70 (t, 2H=I.3Hz), 1.92 (m, 2H), 1.69 (M, 5H), 1.41-1.26 @&H),
0.99-0.89 (m, 15H):3C NMR (THF-d, 100 MHz)5 = 153.98, 153.12, 152.77, 150.72, 148.95,
148.90, 148.81, 147.63, 140.88, 140.82, 140.06,6639136.36, 132.49, 130.74, 130.37,
128.89, 128.66, 126.68, 126.00, 124.45, 123.80,4821121.36, 119.58, 119.47, 117.56,
117.53,116.94, 114.85, 109.71, 108.11, 46.70,2469.92, 39.84, 33.00, 31.86, 30.60, 30.50,
30.34, 29.97, 29.76, 29.11, 28.98, 28.86, 27.82,1243.67, 18.41, 14.53, 14.49, 14.02, 11.14.
HRMS (ESI): [M]+.= 1106.4863 (0 ppm) (calcd. fosg7aN404Ss: 1106.48667).

Synthesis of 2-cyano-3-(4-((E)-6'-(6-(diphenylamine4,4-bis(4-hexylphenyl)-4H-
indeno[1,2-b]thiophen-2-yl)-1,1'-bis(2-ethylhexyl)2,2'-dioxo-[3,3'-biindolinylidene]-6-
yl)phenyl)acrylic acid (TPAF-I1so):

Under argon, 4-(7-(6-(diphenylamino)-4,4-bis(4-hexenyl)-4H-indeno[1,2-b]thiophen-2-
yl)benzo[c][1,2,5]thiadiazol-4-yl)benzaldehyde (2B8@, 184 umol, 1 eq), cyanoacetic acid
(157 mg, 1.84 mmol, 5eq), were dissolved in a netf acetonitrile (12 mL) and chloroform
(8 mL). A catalytic amount of piperidine was addedl the solution was refluxed for 3 hours.
Solvent was removed under reduced pressure asdlidelissolved in chloroform. The organic
phase was washed with HCI solution (2M), dried @30 and concentrated. The crude solid
was chromatographed on silica using DCM first the@M/MeOH : 90/5 and then
DCM/MeOH/Acetic acid : 90/5/5 as eluent.to affoné torresponding dyEPAF-1so as a dark
black solid (162.5 mg, 67 %M NMR (THF d8, 400 MHz): 8.03 (dd, 2H,:=B.4Hz,
J%=11.3Hz), 8.30 (s, 1H), 8.03 (ABQ, 4H=8.4Hz, AvAB= 50.8 Hz), 7.59 (s,1H), 7.40-7.30
(m, 3H), 7.20-6.95 (m, 21H), 3.80 (m, 4H), 2.55 @), 1.62-1.29 (m, 34H), 0.98-0.86 (m,
18H)13C NMR (THF d8, 100 MHz)$ = 169.49, 157.80, 156.46, 153.59, 148.91, 147.71,
147.24, 147.20, 145.49, 143.73, 142.95, 142.40,9039132.50, 131.95, 131.61, 130.25,
129.28, 128.98, 128.49, 124.01, 123.35, 123.30,1822121.38, 121.19, 119.22, 107.26,
105.12, 44.81, 44.67, 44.63, 39.04, 38.92, 36.@4973 32.81, 32.01, 31.84, 30.34, 29.93,
29.79, 24.26, 23.75, 14.68, 11.37, 11.25. HRMS XHSI]+.= 1314.6986 (0 ppm) (calcd. for
CgoHoaN4O4S: 1314.69903).

Synthesis of (E)-2-cyano-3-(4-((Z2)-3-(2-(6-(diphetgmino)-4,4-bis(4-hexylphenyl)-4H-
indeno[1,2-b]thiophen-2-yl)-4-(2-ethylhexyl)-5-oxa4,5-dihydro-6H-thieno[3,2-b]pyrrol-
6-ylidene)-1-(2-ethylhexyl)-2-oxoindolin-6-yl)pheniacrylic acid (TPAF-AItiso):

Under argon, (2)-4-(3-(2-(6-(diphenylamino)-4,4{dihexylphenyl)-4H-indeno[1,2-
b]thiophen-2-yl)-4-(2-ethylhexyl)-5-o0x0-4,5-dihyd@H-thieno[3,2-b]pyrrol-6-ylidene)-1-(2-
ethylhexyl)-2-oxoindolin-6-yl)benzaldehyde (138 nig)9.98 pmol), cyanoacetic acid (46.77
mg, 1mmol, 5eq), were dissolved in a mixture oftawckrile (6mL) and chloroform (4mL). A
catalytic amount of piperidine was added and tHetiem was refluxed for 3 hours. Solvent
was removed under reduced pressure and the sdissodved in chloroform. The organic phase
was washed with HCI solution (2M), dried on2S& and concentrated. The crude solid was
chromatographed on silica using DCM, DCM/MeOH 982 then DCM/MeOH/Acetic acid
90:5:5 as eluent to afford the corresponding GRAF-Altiso as a green solid (70 mg, 48%).
'H NMR (THF-d8, 400 MHz)5 = 9.31 (d, 1H,4¥+8.3Hz), 8.29 (s, 1H), 8.14 (m, 2H), 7.89 (m,
2H), 7.53 (s, 1H), 7.43 (d, 1H;=B.3Hz), 7.35 (d, 1H,138.3Hz), 7.27 (s, 1H), 7.22-7.18 (m,
4H), 7.16 (m, 1H), 7.13-7.10 (m, 4H), 7.06-7.04 @H), 6.99-6.93 (m, 3H), 3.83 (m, 2H), 3.72
(d, 2H, 3=7.7Hz), 2.56 (t, 4H,:¥7.7Hz), 2.01 (m, 1H), 1.94 (m, 1H), 1.59(m, 4H}&1.29
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(m, 28H), 0.98-0.86 (M, 18HJ3C NMR (THF-d8, 100 MHz)5 = 168.41, 167.30, 154.72,
153.48, 152.14, 146.95, 145.74, 144.82, 142.89,1740139.68, 139.37, 138.98, 137.63,
129.55, 129.46, 129.14, 127.18, 126.95, 126.68,2#26125.91, 125.36, 122.30, 121.01,
120.92, 120.08, 119.92, 119.43, 118.45, 118.194P17111.94, 104.41, 104.26, 61.47, 43.43,
41.89, 36.59, 35.90, 33.56, 29.88, 29.73, 28.7812&7.80, 27.25, 26.70, 26.65, 21.89, 21.21,
21.17, 20.66, 11.61, 8.23, 8.10. HRMS (ESI): [M]+1320.6554 (0 ppm) (calcd. for
Ce7H92N40sS,: 1320.65545).

Synthesis of (E)-2-cyano-3-(4-((E)-2'-(6-(diphenytaino)-4,4-bis(4-hexylphenyl)-4H-
indeno[1,2-b]thiophen-2-yl)-4,4'-bis(2-ethylhexyl)s,5'-dioxo-4,4",5,5'-tetrahydro-[6,6'-
bithieno[3,2-b]pyrrolylidene]-2-yl)phenyl)acrylic acid (TPAF-Tiso):

Under argon, (E)-4-(2'-(6-(diphenylamino)-4,4-bis@xylphenyl)-4H-indeno[1,2-b]thiophen-
2-yl)-4,4'-bis(2-ethylhexyl)-5,5'-dioxo0-4,4',5,%ttahydro-[6,6'-bithieno[3,2-b]pyrrolylidene]-
2-yl)benzaldehyde (150 mg, 119 umol), cyanoaceid @01 mg, 1.19 mmol), were dissolved
in a mixture of acetonitrile (6mL) and chlorofordngL). A catalytic amount of piperidine was
added and the solution was refluxed for 3 hoursze®b was removed under reduced pressure
and the solid redissolved in chloroform. The orggofiase was washed with HCI solution (2M),
dried on NaSQs and concentrated. The crude solid was chromatbgrhpn silica using DCM,
DCM/MeOH 98:2 and then DCM/MeOH/Acetic acid 90:5d8 eluent to afford the
corresponding dy&PAF-Tiso as a green solid (118 mg, 75 %J.NMR (THF-d8, 400 MHz)
=8.17 (s, 1H), 7.94 (m, 2H), 7.69 (m, 2H), 7.431(d), 7.28 (m, 1H), 7.20 (m, 5H), 7.14 (m,
5H), 7.06 (m, 8H), 6.99-6.92 (m, 4H), 3.71 (m, 4RIKR8 (t, 4H, J=7.6Hz), 1.94 (m, 2H), 1.60
(m, 4H), 1.40-1.31 (m, 22H), 0.97-0.87 (m, 18HL NMR (THF-d8, 100 MHz)5 = 168.65,
168.42, 154.49, 153.25, 150.88, 149.83, 147.22,7B45144.74, 139.79, 139.39, 138.04,
136.68, 129.61, 129.43, 129.19, 127.17, 126.25,9725123.31, 122.31, 120.94, 120.19,
118.86, 118.10, 115.96, 114.54, 111.71, 106.57,62041.41, 43.68, 43.48, 36.71, 36.65,
33.56, 29.88, 29.75, 28.71, 28.64, 27.24, 26.7%9&1.92, 21.89, 21.19, 20.66, 11.64, 11.62,
8.10. HRMS (ESI): [M]+.= 1326.6125 (0 ppm) (caléok CgsHgoN4O4Ss: 1326.61187).

Synthesis of 60TPA-Iso

CeHi30,

@ Cehlz
S
Q CaHyr O NC,
e ed e “hy o Q{00
Br Q 6H13 CgH130. 1\ CgH130; s
\ s O Z N
O D N Q o Hooc” N N °©
_ =
o e ———— N No o 60TPA-Is0 (87%
i » % 1)Buli, Bussnci s (63% piperidine, ACNICHCI5 so (87%)
so 2) Pdydbas, P(o-tolyl)s, toluene 0 (93%)
OCgHys

CeH130

Figure S5- Synthetic route for 60TPA-Iso

4-(hexyloxy)-N-(4-(hexyloxy)phenyl)-N-(4-(3-octylibphen-2-yl)phenyl)aniline was
synthesized according to the litteratube Joly, L. Pelleja, S. Narbey, F. Oswald, T. Meyér
Kervella, P. Maldivi, J. N. Clifford, E. Palomarasd R. DemadrilleiEnergy Environ. Sgi2015,8,
2010-2018.)
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Synthesis of (E)-4-(6'-(5-(4-(bis(4-(hexyloxy)phemyamino)phenyl)-4-octylthiophen-2-yl)-
1,1'-bis(2-ethylhexyl)-2,2'-dioxo-[3,3'-biindolinylidene]-6-yl)benzaldehyde (4-I1so):

Under argon, 4-(hexyloxy)-N-(4-(hexyloxy)phenyl){M-(3-octylthiophen-2-
yhphenyl)aniline (300 mg, 468.76 umol) was dissolin distilled THF (10 mL) then n-BuLi
(1.6M, 352 pL, 563 pmol) was added at -78°C. Tdlaten was stirred for an hour at -78°C
before adding B¢snClI (191 pL, 703 pmol) at -78°C. The solution \alswed to reach room
temperature and stirred for 2 hours. The reactias guenched with a saturated solution of
ammonium chloride and the organic phase was egttagith diethyl ether, dried with N&Qu,
filtered and concentrated under reduced pressime.rdsulting oil was engaged without any
further purification in a Stille coupling reactiamth (E)-4-(6'-bromo-1,1'-bis(2-ethylhexyl)-
2,2'-dioxo-[3,3"-biindolinylidene]-6-yl)benzaldehg 200 mg, 298.6 pumol), Ritba (10.9 mg,
11.9 umol) and P(o-toly)(7.27 mg, 23.9 umol) dissolved in anhydrous todugrb mL) and
refluxed for 24 hours. The mixture was then pourgd HCI (2 M). The organic phase was
extracted with CHG| washed with HCI (2 M), dried over B8O and concentrated under
reduced pressure. The crude solid was purifiednbgroatography on silica gel using diethyl
ether/n-hexane 3:7 as eluent to afford the degireduct as a black solid. (340 mg, 298.54
mmol, 93%).

IH NMR (CDClk, 400 MHz)5 = 10.08 (s, 1H), 9,24 (d, 1H, J1=8.4Hz), 9,171¢d, J1=8.4Hz),
7.99 (m, 2H), 7.79 (m, 2H), 7.32 (dd, 1H, J1=8.4B2=1.7Hz),7.29 (s, 1H), 7.28 (dd, 1H,
J1=8.4Hz, J2=1.7Hz), 7.27 (m, 1H), 7.25 (m, 1H}.07m, 4H), 7.0 (d, 1H, J1=1.6Hz), 6.97
(d, 1H, J1=1.6Hz), 6.94 (m, 2H), 6.85 (M, 2H), 3(BH, J1=6.5Hz), 1.90 (m, 2H), 1.79 (m,
4H), 1.66 (m, 2H), 1.49-1.26 (m, 44H), 0.99-0.86 fiH).13C NMR (CDCE, 100 MHz):5 =
191.66, 168.68, 168.56, 155.77, 148.42, 146.50,9B45145.62, 143.29, 142.83, 140.50,
140.30, 139.91, 139.38, 138.52, 135.70, 133.32,1231130.43, 130.32, 130.01, 129.54,
128.95, 128.37, 127.55, 127.11, 126.96, 125.57,4825122.13, 121.10, 120.55, 119.48,
118.79, 115.34, 106.59, 104.62, 68.28, 44.25, 48159, 37.75, 31.89, 31.60, 31.02, 30.86,
30.78, 29.56, 29.41, 29.32, 29.26, 29.12, 28.98®28.81, 25.76, 24.30, 24.20, 23.07, 22.66,
22.61, 14.12, 14.10, 14.07, 14.02, 10.84, 10.78.

Anal. calcd for G:H101N30sS: C, 79.18; H, 8.29; N, 3.42; O, 6.51; S, 2.61urkb C, 77.14; H,
8.54; N, 2.75; S, 2.27.

Synthesis of (E)-3-(4-((E)-6'-(5-(4-(bis(4-(hexylgyphenyl)amino)phenyl)-4-
octylthiophen-2-yl)-1,1'-bis(2-ethylhexyl)-2,2'-dixo-[3,3'-biindolinylidene]-6-yl)phenyl)-
2-cyanoacrylic acid (60 TPA-Iso):

Under argon, (E)-4-(6'-(5-(4-(bis(4-(hexyloxy)ph&aynino)phenyl)-4-octylthiophen-2-yl)-
1,1'-bis(2-ethylhexyl)-2,2'-dioxo-[3,3'-biindolindene]-6-yl)benzaldehyde (180 mg, 146.43
pmol), cyanoacetic acid (62.30 mg, 733 pmol, 5eg)e dissolved in a mixture of acetonitrile
(6 mL) and chloroform (4 mL). A catalytic amount @peridine was added and the solution
was refluxed for 3 hours. Solvent was removed unelduced pressure and the solid dissolved
in chloroform. The organic phase was washed with $tution (2 M), dried on N&OQ; and
concentrated. The crude solid was purified by clategraphy on silica gel using DCM,
DCM/MeOH 98:2 and DCM/MeOH/Acetic acid 90:5:5 aaeit to afford the desired product
as black solid (166 mg, 87%).

IH NMR (THF d8, 400 MHz)5 = 9.32 (m, 2H), 8.35 (m, 1H), 8.05 (m, 2H), 7.8 @H), 7.34

(s, 1H), 7.24-7.17 (m, 4H), 7.09-7.06 (m, 5H), 6@1, 2H), 6.87 (m, 5H), 3.97 (t, 4H,
J1=6.4Hz), 1.98-1.92 (m, 2H), 1.79 (M, 4H), 1.67 @), 1.55-1.33 (m, 44H), 1.04-0.90 (m,
21H). 3C NMR (THF d8, 100 MHz)3 = 168.17, 168.12, 156.07, 148.50, 145.98, 145.77,
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142.21, 140.66, 140.34, 139.36, 138.98, 137.85,2132130.95, 130.76, 130.41, 129.30,
126.81, 125.76, 121.96, 120.72, 119.83, 119.33,7¥1115.16, 105.64, 103.78, 67.87, 43.64,
43.54, 37.89, 37.80, 31.90, 31.61, 30.90, 30.74329.57, 29.44, 29.35, 29.27, 28.89, 28.84,
28.69, 25.76, 23.02, 22.57, 22.53, 13.55, 13.5447133.37, 10.22, 10.15.

HRMS (ESI): [M]'= 1294.7511 (0 ppm) (calcd. forsl10MN406S: 1294.75146).

References related to synthesis:

1. W.Ying, F. Guo, J. Li, Q. Zhang, W. Wu, H. Tiandad. Hua,ACS Appl. Mater.
Interfaces 20124, 4215-4224.

2. D. Wang, W. Ying, X. Zhang, Y. Hu, W. Wu and J. Hiyes Pigmen{s2015,112
327-334.

3. H.Kang, S. Y. An, B. Walker, S. Song, T. Kim, J.im and C. YangJ) Mater Chem
A, 2015,3, 9899-9908.

4. Y. Koizumi, M. Ide, A. Saeki, C. Vijayakumar, B. Ba, M. Kawamoto and S. Seki,
Polym Chem2013,4, 484-494

5. M. Karakawa and Y. AsdRSC Ady.2013,3, 16259

Cyclic Voltammetry and Differential Pulse Voltammety Data

TPAT8-Tiso
—— TPAT8-Altiso|
—— TPAT8-Iso
—— TPAF-Tiso
—— TPAF-Altiso
—— TPAF-Iso

TPAT8-Tiso | +
—— TPATB8-Altiso| Fe/Fc
—— TPAT8-Iso
—— TPAF-Tiso

—— TPAF-Altiso
|——TPAF-Iso

Mw
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Voltage [V] Voltage [V]

Figure S6- Dye voltammograms obtained by cyclic voltamméleyt) and differential pulse
voltammetry (right). (Electrolyte: BWNPF 0,2 M in degassed anhydrous dichloromethane,
scan speed: 100 m\£3

DFT calculations and Bond Length Alternation determnation

Density Functional Theory (DFT), implemented in ARE17, has been used to examine the
frontier orbitals of every molecules. The estimdtsdest energy conformations using Chem3D
software were firstly submitted to a more accuggemetry optimization, using a combination
of the Local Density Approximation VWN (Vosko, Wijlklusair) and the Generalized Gradient
Approximation PBE (Perdew-Burke-Ernzerhof) functts corrected for dispersion using
Grimme methodology (Grimme 3) with the TZ2P basetsg(triple zeta + 2 polarization
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functions) in a solvent phase modeled through t&SKO model set for dichloromethane.
Then, single-point calculations using the hybriddional B3LYP (B3: Becke’s 3-parameters,
Eexchange functional + LYP: Lee, Yand, ParEcorreiation functional) corrected with dispersion
Grimme 3 with TZ2P sets in dichloromethane soly@rdse were performed on the optimized
conformations to modeled the HOMO and LUMO enesyiels and their spatial localizatiohs.
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\q ° o i & :
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Figure S7a Frontier molecular orbital spatial repartitiontbk dyes calculated using hybrid
B3LYP functional.
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Figure S7b Frontier molecular orbital spatial repartition @0 TPA-Iso calculated using
hybrid B3LYP functional.

Dihedral angle: a,
Bond Length Alternation: BLA;

Dihedral angle: a,
Bond Length Alternation: BLA,

Dyes o1 (°) BLA: (A) o2 (°) BLA (A)
TPAF-Iso 9.9 0.059 58.5 0.076
TPAF-Altiso 16.4 0.037 43.2 0.064
TPAF-Tiso 17.7 0.036 355 0.040
TPATS8-Iso 324 0.073 35.2 0.064
TPATS8-Altiso 32.5 0.046 394 0.061
TPATS8-Tiso 32.7 0.041 25.9 0.035

Table ST Summary of the different dihedral angles and B(Bond Length Alternation)
measurements of the 6 synthesized dyes calculadedDFT calculations.

References related to DFT calculations and Bond Lgth Alternation determination:
1. K. Burke and L. O. Wagnemt. J. Quantum Chem2013,113 96-101.
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VI.  Optimization of TiO 2 thickness, tBP and CDCA ratio in solar cells.

Optimization of TiO 2 thickness in TPAF-Iso and TPAF-Tiso based solar tis

Dye Thickness(um) Voc (V) Jsc (mA.cm-2) FF n (%)
S 0.54 9.22 0.65 3.237
+
0.51+0.05 8.3810.85 0.6510.01 2.7510.49
TPAF-Iso
ot 0.55 9.67 0.73 3.95
0.55+0.01 9.3810.29 0.7410.01 3.8410.22
S 0.36 175 0.44 0.28
+
0.3610.01 1.6510.10 0.4410.01 0.2610.02
TPAF-Tiso
e 0.40 317 0.55 0.70
0.39+0.01 2.7610.40 0.5410.01 0.59+0.11

Photovoltaic parameters of solar cells obtainedgithie different fabrication conditions.
Dyeing bath: dye/CDCA (a) 0.2/2mM, (b) 0.2/10mMQE/CHCI3 (4:1), electrode size 0.36
cmz, Electrolyte : BMII 0,5M, 12 0,03M, Lil 0.5M, t&io 0.5M, tBP 0.1M. Irradiation 1 Sun,
using a mask. First lines correspond to the resiiltise best cells, second lines correspond to
the parameters obtained from two devices.”

Optimization of tBP content in TPAF-Iso and TPAT8-Iso based solar cells

Current density
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Voltage (V) Voltage (V)

-12 -12 N Jsc

Figure S8b IV curves of TPAF-Iso and TPATS-Iso based sokliscobtained with different
tBP ratio.
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Dyes [tBP] (mol.LY)  Voc(V) Jsc(mMA.cmi?)  FF n (%)
0 0.54 9.22 0.65 3.24

TPAF-Iso 0.1 0.56 9.67 0.74 3.94
0.5 0.64 211 0.65 0.88
0.1 0.55 10.23 0.71 3.99

TPATS-ISo 0.2 0.54 6.23 0.75 2.55
0.3 0.57 5.75 0.75 2.48
0.5 0.61 2.65 0.79 1.27

Conditions : dye/CDCA 0.2/2mM, EtOH :CH{4 1, 12+4 um. Electrolyte :
BMI1=0.5M, 1,=0.03M, Lil=0.5M, Gthio=0.5M, tBPX M

Photovoltaic parameters of TPAF-Iso and TPAT8-lasdul solar cells obtained with different
tBP ratio.

Optimization of tBP content and CDCA ratio in 60TPA-Iso based devices

12 0M tBP
Current density

(mA.cm™?)

12 0.1 M tBP
Current density

(mA.cm?)

0,1 0,2 0,3 0,4 0, 0,6 0,7

-8 ——2mM

S5mM
——8mM -8
-13 —10mM —2mM
== -dark Sm

—8mM

-13

—10mm
-18 ™

== =dark

Voltage (V)

Voltage (V)

23 -18

BPT(MOLL-)  [cpca] (mmoll?) Voo (v) Jsc (mAcm) FF (%)

Dye
2 0.51 19.37 0.62 6.21
Electrolyte A 5 0.50 18.41 0.46 4.30
0 8 0.51 17.11 0.62 5.52
60TPA- 10 0.49 17.04 0.52 4.28
Iso 2 0.53 15.15 0.67 5.43
Electrolyte B 5 0.54 12.22 0.71 4.74
0.1 8 0.56 15.94 0.63 5.71
10 0.54 15.70 0.58 4.91

Conditions : dye/CDCA 0.2/XmM. EtOH :CHE1:1. 12+4 pm. Electrolyte : BMII 0.5Mz |
0.03M. Lil 0.5M. Gthio 0.5M. tBP 0.X M

Figure S8d Photovoltaic parameters and IV curves of 60TP&Hased solar cells obtained
with different CDCA ratio and various tBP concetitias in the electrolyte.
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Optimization of CDCA ratio in TPAT8-Iso based devies

12

Current density
(mA.cm?)

0,1

0,1

0,2 0,3 0,4

-18

Voltage (V)

0,7 0,8

— 6 MM
= = =6 mM-Dark
8mM
8 mM-Dark
s 10 MM
= = =10 mM-Dark
—12 MM
e 12 MM-Dark

Dye [CDCA] (mmol.LY)  Voc(V) Jsc(mA.cm?)  FF 1 (%)
6 0.58 14.01 0.63 5.13
8 0.57 14.13 0.66 5.31

TPAT8-Is0 4 0.59 15.98 061 5.76
12 0.59 15.41 0.64 5.80

Conditions: dye/CDCA 0.XmM, EtOH :CHC} 4 :1, 14+4 um. Electrolyte : BMII 0.5M,
I, 0.03M, Lil 0.5M, Gthio 0.5M, tBP 0.1M

Figure S9 Photovoltaic parameters and IV curves of TPAT@4ssed solar cells obtained
with different CDCA ratio.

VIl.  Computational studies

Table S2.Interaction energies (& in eV and (kcal mot)) between iodide and the oxidized
dyes and z component of the dipole (in Debyeshefoxidized dyes.

Dye Ent. Dipole(z)
TPAF_Tiso -0.25 (-5.83) 88.07
TPAF_Altiso -0.25 (-5.86) 109.95
TPAF_lso -0.30 (-6.84) 123.04
TPAT8_Tiso -0.20 (-4.65) 78.58
TPAT8_Altiso -0.21 (-4.73) 112.51
TPAT8_Iso -0.20 (-4.58) 132.51
60TPA Iso -0.21 (-4.94) 135.11
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Figure S10.Computed interaction between iodide and TPAF_T&p TPAF_Altiso 8),
TPAF _Iso C), TPAT8 Tiso D), TPAT8 Altiso E), TPAT8 Iso F) and OTPA Iso G).
(Color code: C = gray, N = blue, O =red, S = yelldwpurple, H = white; distances in A).

Computational details

All the calculations have been carried out usirgg@aussian09 softwatd’lhe HOMO/LUMO
energies have been obtained after geometry optiioizaof the neutral and cationic radical
species of the studied dyes in gas phase usinB3h¥P functionat in combination with the
6-31G* basis sétfor all atoms. This choice has been reported talpce a good agreement
between the experimental and computed energiesrasftiér orbitals' The dye/iodide
interaction energies have been computed using nhestricted formalism of the dispersion
corrected M062X (D3) functiondlThe geometries have been reoptimized in acetienitsing
the PCM methotiand employing the SMD solvation modeThe cc-pVDZ basis sewas
employed to describe all atoms except iodide, fobictv the aug-cc-pVDZ-PP basis set was
used’ These settings have been employed before for ibesgrthis kind of interactions in
similar systems° To ensure that charges were distributed appr@tyiah the interacting pairs,
a fragment guess was first generated specifyinggative charge on iodide and all subsequent
calculations were performed reading their initiakgs from a checkpoint file based off this
fragment guess. The basis set superposition eB8EE) for the dye-iodide interactions is
considered to be negligidfeand thus it was not computed for the speciesignréport.
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References related to computational studies:
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VIl Optoelectronic and photovoltaic data of 60TPA-Iso dye
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Figure S11-UV-Vis spectra of TPAT8-Iso and 60TPA-Iso in dictdmethane and UV-Vis

spectra grafted on TiO2.

AmacUVEL Mmax ab & Nonscl® %AR? AEcopt HOMO!  LUMO® AEele
[nm] Vis,NIR* M-1.cm-1]  [nm] (700nm [eV] [eV] .
[nm] ) ) [eV] [eV]e
TPI':JS- 358 (355) 574 (546) 27000 686 1 1.8 -5.2 -3.4 1.8
6OIZEA- 363 (358) 579 (527) 27300 712 4 1.7 -5.1 -3.5 1.6

3 Measured in CkCl, at room temperature at a concentration ofMOP Parenthesis, measured after
dyeing of 2um thick TiO2 films on glass substratethe presence of CDCA (dyeing solution 0.2mM
Dye/ 2.0mM CDCA).c Calculated from optical absorption onse¥alues calculated from oxidative
potential for the HOMO and reduction potential foe LUMO, measured by CV in GAI, (2.10°M)

at room temperature, ferrocene/ferrocenium was asdle internal standard and measured at +0.48 V
(-4.8 eV)¢ Using mean values obtained from electrochemicalsmeements with the following equation
AE= B umo-Enowmo.

Table S3:Optical and electrochemical properties of TPAT8-dsd 60TPA-Iso
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Figure S12-Photovoltaic parameters and IV curves of the b@§tRA-Iso based solar cells.
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