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MATERIAL AND METHODS

All manipulations of oxygen- and moisture-sensitive materials were conducted with a standard Schlenk
technique. Commercially available reagents and solvents were used without further purification other
than those detailed below. THF was distilled from sodium/benzophenone prior to use. Light petroleum
refers to the fraction with boiling point 40-60°C. 2.5M solution of n-BuLi in hexane was purchased
from Sigma Aldrich. 5-hexyl-2-tributylstannylthiophene, Diethyl 2,5-bis[2’-(5"-dihexylthienyl)]-1,4-
benzendicarboxylate,  2,5-Bis[2’-(5'-dihexylthienyl)]-1,4-benzendicarboxylic  acid, 2,5-Bis[2"-(5"-
dihexylthienyl)]-1,4-benzendicarboxylic acid dichloride and 2,7-Dihexyl-4,9-dihydro-s-indaceno[1,2-
b.5,6-b"]dithiophene-4,9-dione were synthesized according to published procedures with
spectroscopic analyses and purity in perfect accordance with the literature.! Reactions were stirred
magnetically, unless otherwise indicated. Analytical thin layer chromatography was carried out using
aluminum backed plates coated with Merck Kieselgel 60 GF254 and visualized under UV light (at 254
and 360 nm). Chromatography was carried out using Teledyne Isco CombiFlash® Rf 400 (UV
detection 200-360nm), over standard silica cartridges (Redisep® Isco, or Puriflash® columns
Interchim). *H and *C NMR spectra were recorded using Bruker 300 MHz instruments (*H frequency,
corresponding '*C frequency: 75 MHz); chemical shifts were recorded in ppm and J values in Hz. In
the >C NMR spectra, signals corresponding to C, CH, CH, or CH; groups, assigned from DEPT, are
noted, all others are C. The residual signals for the NMR solvents are: CDCls; 7.26 ppm for the proton
and 77.00 ppm for the carbon, CD,Cly; 5.32 ppm for the proton and 53.80 ppm for the carbon, DMSO-
D6; 2.45 ppm for the proton and 40.42 ppm for the carbon, Tetrachloroethane-D2; 6.00 ppm for the
proton and 73.78 ppm for the carbon. The following abbreviations have been used for the NMR
assignment: s for singlet, d for doublet, t for triplet and m for multiplet. High resolution mass spectra
were recorded at the Centre Régional de Mesures Physiques de I'Ouest (CRMPO-Rennes) on (i) Waters
Q-Tof II or on (ii) Q-Exactive or on (iii) Maxis 4G.

Electrochemical studies:

All electrochemical experiments were performed under an argon atmosphere, using a Pt disk
electrode (diameter 1 mm), the counter electrode was a vitreous carbon rod and the reference
electrode was a silver wire in a 0.1 M AgNOs solution in CH3CN. Ferrocene was added to the
electrolytic solution at the end of a series of experiments. The ferrocene/ferrocenium (Fc/Fc*) couple
served as internal standard. The three electrode cell was connected to a PAR Model 273
potentiostat/galvanostat (PAR, EG&G, USA) monitored with the ECHEM Software. Activated Al,O; was
added in the electrolytic solution to remove excess moisture. For a further comparison of the
electrochemical and optical properties, all potentials are referred to the SCE electrode that was
calibrated at 0.405 V vs. Fc/Fc™ system. Following the work of Jenekhe, we estimated the electron
affinity (EA) or lowest unoccupied molecular orbital (LUMO) and the ionization potential (IP) or highest
occupied molecular orbital (HOMO) from the redox data.? Indeed, the LUMO level was calculated as:
LUMO (eV)= ~[Eonset® (¥5 SCE) + 4.4] and the HOMO level as: HOMO (eV) = ~[Eonset™ (V5 SCE) +
4.4], based on an SCE energy level of 4.4 eV relative to the vacuum. The electrochemical gap was
calculated from: AE® =|HOMO-LUMO)| (in eV).

Molecular modeling :

Full geometry optimization with Density functional theory (DFT)** and Time-Dependent
Density Functional Theory (TD-DFT) calculations were performed with the hybrid Becke-3 parameter
exchange®” functional and the Lee-Yang-Parr non-local correlation functional® (B3LYP) implemented in
the Gaussian 09 (Revision B.01) program suite’ using the default convergence criterion implemented
in the program. The figures were generated with GaussView 5.0. DFT and TD-DFT calculations at the
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B3LYP/6-311+g(d,p) in their respective optimized singlet state (optimization at the B3LYP/6-
311+g(d,p) level of theory, infrared spectra were calculated on the final geometry to ascertain that a
minimum was obtained /e. no negative frequency). Calculations were carried out at the Centre
Informatique National de I'Enseignement Supérieur (CINES) in Montpellier under project
c2016085032.

Spectroscopic studies:

Cyclohexane (AnalaR NORMAPUR, VWR) and THF (AnalaR NORMAPUR, VWR) were used
without further purification. UV-visible spectra were recorded using a UV-Visible spectrophotometer
SHIMADZU UV-1605. The optical gap was calculated from the absorption edge of the UV-vis
absorption spectrum using the formula AE°™ (eV) = hc/A, A being the absorption edge (in meter).
With h = 6.62606x10>%J.s (1eV = 1.60217x10™° J) and ¢ = 2.99792x10% m.s™, this equation may be
simplified as: AE° (eV) = 1239.84/ A (in nm).

Thermal analysis:

Thermal Gravimetric Analysis (TGA) was carried out at 10°C/min from 0 to 600°C under
nitrogen atmosphere. Differential scanning calorimetry (DSC) was carried out by using NETZSCH DSC
200 F3 instrument equipped with an intracooler. DSC traces were measured at 10 °C/min, 2
heating/cooling cycles were successively carried out. Alternatively, the TGA measurements were
carried out with a Q50 apparatus of TA Instruments, at a scanning rate of 5 C min™ and with air as
purge gas. The transition temperatures and enthalpies were measured by differential scanning
calorimetry (DSC) with a TA Instruments DSC-Q1000 instrument operated at a scanning rates of 1 to
5°C min™ on heating and on cooling.

Self-organization properties:

The SWAXS patterns were recorded with a linear monochromatic Cu Kol beam (A = 1.5405 A)
obtained using a sealed-tube generator (600 W) equipped with a bent quartz monochromator.
Patterns were recorded with a curved Inel CPS 120 counter gas-filled detector linked to a data
acquisition computer; periodicities up to 70 A can be measured, and the sample temperature
controlled to within £0.01 °C from 20 to 200 °C. The crude powder was filled in Lindemann capillaries
of 1 mm diameter and 10 pm wall thickness and exposure times were varied from 1 to 24 h. The
optical textures of the mesophases were studied with a Leitz polarizing microscope (POM) equipped
with a Mettler FP82 hot-stage and an FP80 central processor.
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SYNTHESIS

CeH1s
diethyl 2,5-bis(5-hexylthiophen-2-yl)benzene-1 4-dicarboxylate

M.p. N/A, H NMR (300 MHz, CD,Cl,) d 7.71 (s, 2H), 6.90 (d, J = 3.5 Hz, 2H), 6.76 (dd, J = 3.5, 1.0
Hz, 2H), 4.23 (q, J= 7.1 Hz, 4H), 2.94 — 2.68 (m, 4H), 1.70 (t, J= 7.5 Hz, 4H), 1.48 — 1.25 (m, 12H),
1.19 (t, 7= 7.1 Hz, 6H), 0.90 (td, J = 6.0, 5.2, 2.1 Hz, 6H); *C NMR (75 MHz, CD,Cl,) & 167.85,
147.66, 137.65, 133.76, 132.91, 131.13 (CH), 126.61 (CH), 124.57 (CH), 61.60 (CH,), 31.74 (CH,),
31.58 (CH,), 30.08 (CH,), 28.79 (CH,), 22.61 (CH,), 13.70 (CHs), 13.65 (CHs). IR (ATR, cm™): v=457,
530, 536, 619, 669, 692, 721, 804, 841, 899, 927, 999, 1045, 1105, 1169, 1234, 1255, 1278, 1379,
1463, 1558, 1580, 1718, 2340, 2361, 2580, 2617, 2660, 2723, 2854, 2924, 2953, 3196

CeHiz

2,5-bis(5-hexylthiophen-2-yl)benzene-1,4-dicarboxylic acid

M.P.155-156°C, 'H NMR (300 MHz, DMSO-d) & 13.34 (s, 2H), 7.61 (s, 2H), 7.05 (d, J = 3.6 Hz, 2H),
6.91 — 6.66 (m, 2H), 2.81 (t, J= 7.6 Hz, 4H), 1.64 (t, J = 7.6 Hz, 4H), 1.55 — 1.26 (m, 12H), 1.08 —
0.76 (m, 6H), 3C NMR (75 MHz, DMSO-d) & 169.39, 147.28, 137.45, 134.62, 131.58, 130.13 (CH),
127.20 (CH), 125.69 (CH), 31.52 (CH,), 31.40 (CH,), 29.81 (CH,), 28.62 (CH,), 22.47 (CH,), 14.39
(CHs), IR (ATR, cm™): v=403, 424, 449, 480, 522, 544, 569, 613, 635, 671, 723, 779, 787, 862, 887,
914, 962, 1010, 1051, 1124, 1209, 1238, 1288, 1317, 1400, 1427, 1464, 1502, 1685, 2524, 2634,
2856, 2923, 2962, 3070

CeH13

para-IDT(=0),
2,7-dihexyl-s-indaceno[1,2-b:5,6-b'|bisthiophene-4,9-dione

M.P.: 166-167°C (MeOH/CH,Cl,) ,*H NMR (300 MHz, CD,Cl,) 5 7.06 (s, 2H), 6.78 — 6.74 (m, 2H), 2.84
- 2.72 (m, 4H), 1.74 — 1.61 (m, 4H), 1.39 — 1.27 (m, 12H), 0.96 — 0.83 (m, 6H), *C NMR (75 MHz,
CD,Cl,) & 186.13, 155.90, 151.86, 140.74, 139.84, 139.79, 117.82 (CH), 113.70 (CH), 31.47 (CH,),
31.28 (CHz), 30.53 (CHz), 28.60 (CHz), 22.55 (CHz), 13.81 (CH3), HRMS calculated for CygH310,S;:
463.17655, Found: 463.1769 [M+H]*, Elemental analysis calculated for CygHz00,S;: C, 72,69%; H,
6.54%, O, 6.92%, S, 13.86%. Found: C, 72.68%; H, 6.52%, O, 6.95 %, S, 13.68% IR (ATR, cm™):
v=418, 442, 486, 561, 571, 596, 673, 723, 771, 814, 833, 862, 883, 916, 945, 976, 997, 1078, 1106,
1126, 1169, 1196, 1230, 1253, 1277, 1317, 1385, 1433, 1466, 1697, 2848, 2916, 2953, 3020, 3080,
3392
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CN
NC s CeHis

S
CeHis CN
NC
para-IDT(=C(CN),),
2,2'-(2,7-dihexyl-s-indaceno[1,2-b:5,6-b']bisthiophene--4,9-diylidene)dipropanedinitrile

M.P.: N/A, 'H NMR (300 MHz, 1,1,2,2-tetrachloroethane-D,) & 7.89 (s, 2H), 7.31 (s, 2H), 2.89 (t, J =
7.5 Hz, 4H), 1.91 — 1.67 (m, 4H), 1.48 (t, J = 7.3 Hz, 2H), 1.41 (d, J = 6.7 Hz, 10H), 1.12 — 0.88 (m,
6H), 13C NMR (75 MHz, 1,1,2,2-tetrachloroethane-D,) &: 155.65, 152.79, 150.66, 140.15, 139.40,
137.85, 119.62, 116.72, 112.71, 112.44, 31.20, 30.98, 30.67, 28.38, 22.25, 13.76., HRMS calculated
for Cs4 Hs; N4y S,: 559.19902, Found: 559.1995, Elemental analysis calculated for Cs;HsoN,S,: C,
73.09%; H, 5.41%, N, 10.03%, S, 11.48%. Found: C, 72.10%, H, 5.22%, N, 9.83%, S, 11.50%, IR
(ATR, cm™): v =403, 422, 434, 446, 469, 490, 526, 592, 663, 682, 692, 723, 739, 766, 793, 835, 890,
906, 1003, 1038, 1115, 1128, 1174, 1223, 1255, 1292, 1323, 1381, 1433, 1458, 1583, 1670, 1805,
2226, 2846, 2920, 2951, 3088

diethyl 4,6-bis(5-hexylthiophen-2-yl)isophthalate

Into a Schlenk tube containing anhydrous DMF (35 mL) was added diethyl 4,6-dibromoisophtalate
(2.07g, 5.45 mmol, 1leq), 5-hexyl-2-tributylstannylthiophene (5.74g, 12.5mmol, 2.3 eq) and Pd(PPhs),
(315 mg, 0.273 mmol, 0.05 eq). The mixture was stirred at 120°C under argon for 48 h. After the
mixture was cooled to room temperature, water (150 mL) was added, and the aqueous layer was
extracted with CH,Cl, (3 x 100 mL). The combined organic layers were washed with water (3 x 200
mL), brine (1 x 200 mL), dried over MgSO, and evaporated using a rotary evaporator. The product
was purified by flash chromatography with petroleum ether/CH,Cl, (3/1 v/v) as eluent to afford 2 as
an oil in a yield of 85% (2.57g, 4.65 mmol).

M.p. N/A, *H NMR (300 MHz, CD,Cl,) &: 7.96 (d, J=0.46, 1H), 7.56 (s, 1H), 6.92 (d, J = 3.52 Hz, 2H),
6.76 (d, J=3.58, 2H), 4.23 (q, /= 7.14, 7.14, 7.15 Hz, 4H), 2.92 — 2.73 (m, 4H), 1.84 — 1.60 (m, 4H),
1.51 — 1.27 (m, 6H), 1.20 (t, 7= 7.1 Hz, 12H), 1.04 — 0.77 (m, 6H), *C NMR (75 MHz, CD.Cl,) &:
167.63, 147.94, 137.78, 136.59, 132.81 (CH), 130.63 (CH), 130.32, 126.88 (CH), 124.51 (CH), 61.44
(CH,), 31.68 (CH,), 31.53 (CH,), 30.06 (CH,), 28.75 (CH,), 22.55 (CH;), 13.79 (CHs), 13.6 (CHj),
HRMS calculated for Cs,H4,04NaS,: 577.24167, Found: 577.2423 [M+Na]" IR (ATR, cm): v = 802,
862, 1020, 1090, 1105, 1242, 1282, 1365, 1377, 1448, 1456, 1463, 1600, 1722, 2840, 2867, 2883,
2904, 2921, 2935, 2952, 2966, 2980

4,6-bis(5-hexylthiophen-2-yl)isophthalic acid

diethyl 4,6-bis(5-hexylthiophen-2-yl)isophthalate 2 (1.070g, 1.93 mmol, 1leq) and sodium hydroxide
(309 mg, 7.72 mmol, 4 eq) were suspended in a mixture of ethanol (60 mL) and water (7 mL). The
mixture was stirred at reflux overnight. About half of the solvent was evaporated before HCl 1N
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(100mL) was added. The precipitate formed by the addition of HCI was filtrated, washed with water,
and dried in the oven at 80°C, to afford a light grey solid in a yield of 62% (600 mg, 1.20 mmol).

M.p. 115°C, *H NMR (300 MHz, DMSO-d6) &: 13.29 (s,2H), 7.82 (s, 1H), 7.47 (s, 1H), 7.08 (d, J = 3.5
Hz, 2H), 6.86 (dd, J = 3.6, 1.0 Hz, 2H), 2.81 (t, J = 7.6 Hz, 4H), 1.62 (q, J = 7.3 Hz, 4H), 1.40-1.25
(m, 12H), 0.94-0.82 (m, 6H),3C NMR (75 MHz, CD,Cl,) &: 169.15, 147.54, 137.57, 135.12, 131.89
(CH), 131.42, 129.91 (CH), 127.61 (CH), 125.63 (CH), 31.51 (CH,), 31.39 (CH,), 29.81 (CH,), 28.61
(CH,), 22.46 (CH,), 14.36 (CHs), HRMS calculated for CogH3304S; : 497.18258, found: 497.1826 [M-H]
(IR (ATR, cm™): v =413, 424, 438, 453, 469, 523, 538, 552, 571, 586, 644, 682, 722, 735, 769, 775,
800, 889, 921, 941, 1022, 1077, 1086, 1122, 1163, 1261, 1301, 1327, 1377, 1418, 1435, 1452, 1464,
1535, 1597, 1678, 1699, 1720, 2827, 2854, 2865, 2871, 2889, 2914, 2933, 2952, 2972, 3222.

4,6-bis(5-hexylthiophen-2-yl)isophthaloyl dichloride

4,6-bis(5-hexylthiophen-2-ylisophthalic acid 3 (450mg, 0.90 mmol, 1eq) and oxalyl chloride (1.243 g,
9.79 mmol, 10.9 eq) were suspended in dry CH,Cl, (15 mL) with several drop of DMF and the mixture
was stirred overnight at room temperature. The solvent was evaporated under vacuum to obtain the
crude acid dichloride 4 which was used for the next step without further purification.

(0] (6]

\bi\:ié/
S S

CeHi3
meta-1IDT(=0),
2,8-dihexyl- s-indaceno[1,2-b:7,6-b]dithiophene-4,6-dione

CeHis

Aluminium chloride (341mg, 2.56 mmol, 2.8 eq) was suspended in dry CH,Cl, (15 mL) and cooled at
0°C. 4,6-bis(5-hexylthiophen-2-yl)isophthalic acid dichloride 4 was dissolved in CH,Cl, (15 mL) and
the mixture was cooled at 0°C. The latter was slowly added to the aluminium chloride in CH,Cl, at 0°C
and stirred for 20 min at this temperature then overnight at room temperature. Water with 1M HCI
were added and the product was extracted with CH,Cl,. The organic phase was dried over MgSO, and
evaporated and the product was reprecipitated in @ mixture composed of the minimum amount of
CH,Cl, in MeOH. The solid was filtrated and dried under vacuum, giving a brown powder of meta-
IDT(=0), in a yield of 86% (360 mg, 0.78 mmol).

M.p. 141°C (DCM/MeOH),*H NMR (300 MHz, CD,Cl,) &: 7.32 (d, J = 0.7 Hz, 1H), 6.84 (d, J = 0.7 Hz,
1H), 6.82 — 6.80 (m, 2H), 2.81 (d, J = 7.5 Hz, 4H), 1.75 — 1.64 (m, 4H), 1.46 — 1.22 (m, 12H), 0.89
(d, J = 6.7 Hz, 6H),*C NMR (75 MHz, CD.Cl,) & 186.10, 154.03, 153.86, 146.85, 143.25, 134.28,
118.58 (CH), 118.11 (CH), 110.65 (CH), 31.90 (CH,), 31.73 (CH,), 31.08 (CH,), 29.03 (CH,), 22.98
(CH,), 14.23 (CHs), HRMS calculated for C,gH300,S,: 463.17655, found: 463.1766 [M+H]" Elemental
analysis calculated for CygH300,S;: C, 72,69%; H, 6.54%, O, 6.92%, S, 13.86%. Found: C, 72.42%; H,
6.46%, O, 7.06 %, S, 13.72%, IR (ATR, cm™): v =438, 476, 507, 552, 572, 717, 775, 804, 831, 903,
985, 1003, 1074, 1126, 1169, 1236, 1317, 1369, 1398, 1429, 1456, 1514, 1589, 1693, 1786, 2854,
2926, 2954, 3085.
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CN NC
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B q
CeHis~ S ST CeHis
meta-1DT(=C(CN),),
2,2'-(2,8-dihexyl-s-indaceno[1,2-b:7,6-bldithiophene-4,6-diylidene)dimalononitrile

2,8-dihexyl-s-indaceno[1,2-b:7,6-b"]dithiophene-4,6-dione, meta-IDT(=0),, (200mg, 0.44 mmol, 1
eq), malononitrile (84 mg, 1.27 mmol, 2.88 eq) and pyridine (1.96 g, 24.8 mmol, 112.7 eq) were
dissolved in dry CH,Cl, (30mL) and the mixture was stirred overnight at 30°C. The crude product was
filtrated and reprecipitated in the minimum amount of hot chlorobenzene giving a brown powder in a
yield of 82% (203 mg, 0.36 mmol).

M.p. N/A, *H NMR (300 MHz, 1,1,2,2-tetrachloroethane-D2) &: 8.77 (s, 1H), 7.41 (d, J = 1.0 Hz, 2H),
7.08 (s, 1H), 2.93 (t, J = 7.5 Hz, 4H), 1.78 (q, J = 7.4 Hz, 4H), 1.41 (m, J = 7.5, 3.8 Hz, 12H), 1.03 —
0.93 (m, 6H), *C NMR (75 MHz, 1,1,2,2-tetrachloroethane-D,) &: 155.42, 154.94, 147.90, 144.25,
142.29, 133.05, 122.45, 120.23, 113.07, 112.22, 111.32, 31.20, 31.03, 30.85, 28.41, 22.26, 13.76.;
HRMS calculated for CssH3oNsNaS, : 581.1804, found: 581.1803 [M+Na]® Elemental analysis
calculated for Cz4H3N4S;: C, 73.09%; H, 5.41%, N, 10.03%, S, 11.48%. Found: C, 71.86%; H,
5.31%, N, 9.81%, S, 11.38%, IR (ATR, cm™): v = 432, 472, 490, 511, 594, 629, 671, 714, 758, 793,
835, 893, 978, 1036, 1066, 1111, 1134, 1178, 1225, 1240, 1261, 1324, 1376, 1398, 1434, 1461,
1556, 1599, 1668, 1783, 2221, 2846, 2870, 2919, 2950, 3039, 3095
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THERMAL PROPERTIES: TGA, DSC & SWAX
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Figure S1 : TGA of para-IDT(=0), (A) and para-IDT(=C(CN),), (B)
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Figure S2 : TGA of meta-IDT(=0), (A) and meta-IDT(=C(CN),), (B)
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Figure S3 : Comparison of the TGA recorded for meta-IDT(=0), (grey) or para-IDT(=0), (red)
and meta-IDT(=C(CN),), (blue) or para-IDT(=C(CN),), (pink)
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Figure S7. SWAXS patterns of sequence of crystalline phases of para-IDT(=C(CN),),, at room
| temperature in the pristine state (bottom, black) and on first heating (middle and top, red).
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Figure S8: SWAXS patterns of meta-IDT(=C(CN),), (A) and of para-IDT(=C(CN),), (B), at
room temperature in the pristine state (bottom, black), above the melting to a three-dimensional

lamellar mesophase (middle, red) and on cooling at room temperature, in a frozen state of the
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PHOTOPHYSICAL PROPERTIES
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Figure S9. Comparison of absorption spectra of para-IDT(=0), (A) and meta-IDT(=0), (B) in
different solvents, C = 10°M
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THEORETICAL MODELING

A M Al A

¥ T TS F

| s EEF||c EEE|2 ES

g =228 22l e
o =) o~ =)

Q,O- ¥32 232 £ 2

S SARA E ADRA =)

g = 00 c =180 c i =)

2 Pseollla Al ¢

s S ]

(o)) o0 [oNeNe] ™

2le 222 TTT 22

293nm 0.9059

°
° SR S Y,
4 oA
ba @ 0. &y ,""Q v P
s “ > @ L ol
° 29’9 e Py
—_— bE 0 @S .
2 B b
,‘?‘,-o >9
LUMO
3.22 eV
—
s 3 8
> 5
@ 9
>
Y1) LLES
p 2 @
o
4 ®e bl B o
HOMO ",.‘OJ‘,,J 5, 5
5.80 eV 4 b v e
HOMO-1 Y
[ ]
b5 0, b@Rs 6.95eV
P I4ST v
b ¢ v P9
» 3 3 3
4.9, o e &
-
0,070 5 1y, e
J QG
.“¢~f v P9
®
_

Figure S10. Calculated frontier molecular orbitals by DFT and four electronic transitions of interest
calculated by TD-DFT of para-IDT(=0),, after geometry optimization with DFT B3LYP/6-

311G+(d,p), shown with a cut-off 0.04
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Figure S11. Predicted UV-vis spectra from TD-DFT energy calculations of para-IDT(=0), after
geometry optimization with DFT B3LYP/6-311 G+(d,p).
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Figure S12. Calculated frontier molecular orbitals by DFT and five electronic transitions of interest
calculated by TD-DFT of para-IDT(=C(CN),),, after geometry optimization with DFT B3LYP/6-

311G+(d,p), shown with a cut-off 0.04
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Figure S13. Predicted UV-vis spectra from TD-DFT energy calculations of para-IDT(=C(CN),),

after geometry optimization with DFT B3LYP/6-311 G+(d,p).

5-16




..r.
. . " -
15 b 9
& 5.3 AT Ay
A A ,“’a aQ\‘,
A .3 0 @0°® § 5,
25 S .;. ¥ 9 N AR A {
,‘Pq‘,
L b e D@ T
¥¥e ° ¢339
- A ;ru A LUMO
< et = -3.18 eV
- 3o ST RE [
X o .-1 D m 2 D~ bl —
Y =) ] ~ ~9 a © )
) B -1 Yo : Tl T e -+ o
s o ) 2l %3 o2 23] @’m?
3le 32|l 2FF|||e F3|E 29004
Al € - A < Ne o A < . ‘ ? ‘ 3 e 2 9
olg . T v o~ ¥ & © L 2R 2t BRI ad A | Y
b 73 o0 ~ 000 ] [e o) B “ 9 s
ITI|lls I~ FE| | ™ M ‘I‘b“"""' ‘
55 HOMO R A AT A P "
-5.93 eV — "ﬁ\""
~ ,‘,i‘a“‘ ,“‘
-6.69 eV b ’ b
65 — ‘;“
‘on?’f e 4 9
S o 9 2. 4. 3
¥y e vV eoyye ‘o 2 ey
ol e oo oy @) ° °
’ N
e T @y | 1
[ & >e
» .
‘g‘g.av;'g‘
8,5

Figure S14. Calculated frontier molecular orbitals by DFT and four electronic transitions of interest
calculated by TD-DFT of meta-IDT(=0),, after geometry optimization with DFT B3LYP/6-
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Figure S15. Predicted UV-vis spectra from TD-DFT energy calculations of meta-IDT(=0), after

geometry optimization with DFT B3LYP/6-311 G+(d,p).
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Figure S16. Calculated frontier molecular orbitals by DFT and five electronic transitions of interest
calculated by TD-DFT of meta-IDT(=C(CN),),, after geometry optimization with DFT B3LYP/6-

311G+(d,p), shown with a cut-off 0.04
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Figure S17. Predicted UV-vis spectra from TD-DFT energy calculations of meta-IDT(=C(CN),),

after geometry optimization with DFT B3LYP/6-311 G+(d,p).
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ORGANIC FIELD-EFFECT TRANSISTORS STRUCTURE AND
FABRICATION

n-type SCO

source : Gold (50 nm) Drain : Gold (50 nm)

Insulator Layer : SU8 2000-5 photoresist (400 nm)

Gate: Al (150 nm)

Substrate : glass or PEN
Figure S18. Structure of the OFETs : on glass or PEN substrate

The fabrication process is described as follows: 150 nm thick aluminium layer was evaporated and
patterned by conventional photolithography on a 5x5 cm? rigid glass substrate or on flexible
polyethylene naphtalate (PEN) substrate. Then, SU-8 2000.5 Photoresist from Microchem® was then
spin-coated in order to obtain a 400 nm thick layer. 50 nm thick gold layer was then thermally
evaporated and patterned by photolithography. Finally, the OSCs were deposited by evaporation
under vacuum as a 40 nm thick layer.

SAMS deposition :

After the gold electrodes photolithography, the substrates were immerged in a solution of DABT (4-
(dimethylamino)benzenethiol) in acetone (10 mg/mL) for 10 minutes at room temperature without
stirring. The substrates were then rinsed with acetone and used for the active layer evaporation under
vacuum.

n-type SCO

source : Gold (50 nm) Drain : Gold (50 nm)

Insulator Layer : SU8 2000-5 photoresist (400 nm)

Gate: Al (150 nm)

Substrate : glass or PEN

Figure S19. Structure of the OFETs with modified electrodes (DABT layer in blue on source and drain
electrodes).

In both cases, the OSCs have been deposited in the last step of the fabrication process avoiding any
external effect on the OSC materials.'* ™3
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2D NMR STUDIES
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Copies of the different NMR spectra

diethyl 2,5-bis(5-hexylthiophen-2-yl)benzene-1,4-dicarboxylate

'H NMR in CD,Cl,
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2,5-bis(5-hexylthiophen-2-yl)benzene-1,4-dicarboxylic acid

4 NMR in DMSO
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2,5-bis(5-hexylthiophen-2-yl)benzene-1,4-dicarboxylic acid

13C NMR in DMSO
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2,5-bis(5-hexylthiophen-2-yl)benzene-1,4-dicarboxylic acid

DEPT in DMSO
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2,7-dihexyl-s-indaceno[1,2-b:5,6-b']bisthiophene-4,9-dione
'H NMR in CD,Cl,
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2,7-dihexyl-s-indaceno[1,2-b:5,6-b']bisthiophene-4,9-dione
13C NMR in CD,Cl,
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2,2'-(2,7-dihexyl-s-indaceno[1,2-b:5,6-b']bisthiophene-4,9-diylidene)dipropanedinitrile

'H NMR in Tetrachloroethane
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2,2'-(2,7-dihexyl-s-indaceno[1,2-b:5,6-b']bisthiophene--4,9-diylidene)dipropanedinitrile

13C NMR in Tetrachloroethane
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diethyl 4,6-bis(5-hexylthiophen-2-yl)isophthalate

'H NMR in CD,Cl,

diethyl 4,6-bis(5-hexylthiophen-2-yl)isophthalate
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diethyl 4,6-bis(5-hexylthiophen-2-yl)isophthalate

13C NMR in CD,Cl,

diethyl 4,6-bis(5-hexylthiophen-2-yl)isophthalate
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diethyl 4,6-bis(5-hexylthiophen-2-yl)isophthalate

DEPT in CD,Cl,

diethyl 4,6-bis(5-hexylthiophen-2-yl)isophthalate
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4,6-bis(5-hexylthiophen-2-yl)isophthalic acid

4 NMR in DMSO
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4,6-bis(5-hexylthiophen-2-yl)isophthalic acid

13C NMR in DMSO
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4,6-bis(5-hexylthiophen-2-yl)isophthalic acid

DEPT in DMSO
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2,8-dihexyl-s-indaceno[1,2-b:7,6-b']dithiophene-4,6-dione
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2,2'-(2,8-dihexyl-s-indaceno[ 1,2-b:7,6-b']dithiophene-4,6-diylidene)dimalononitrile

'H NMR in Tetrachloroethane
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,2'-(2,8-dihexyl-s-indaceno[ 1,2-b:7,6-b']dithiophene-4,6-diylidene)dimalononitrile

13C NMR in Tetrachloroethane
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