Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2014

SUPPORTING INFORMATION TO THE MANUSRIPT
Effects of oligothiophene n-Bridge Length on Physical and Photovoltaic

Properties of Star-Shaped Molecules for Bulk Heterojunction Solar Cells

Jie Min*!, Yuriy N. Luponosov?, Derya Baran', Sergei N. Chvalun®3, Maxim A.
Shcherbina?#, Artem V. Bakirov?, Petr V. Dmitryakov3, Svetlana M. Peregudova’,
Nina Kausch-Busies®, Sergei A. Ponomarenko>’, Tayebeh Ameri!, Christoph J.

Brabec!:8

IInstitute of Materials for Electronics and Energy Technology (I-MEET), Friedrich-
Alexander-University Erlangen-Nuremberg, Martensstrale 7, 91058 Erlangen,
Germany

2Enikolopov Institute of Synthetic Polymeric Materials of the Russian Academy of
Sciences, Profsoyuznaya st. 70, Moscow 117393, Russia

3Scientific and Research Centre Kurchatov Institute, 1 Kurchatov square, Moscow,
123182 Russia

“Moscow Institute of Physics and Technology, 4 Institutsky line, Dolgoprudny,
Moscow region, 141700 Russia

*Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences,
Vavilova St. 28, Moscow, 119991, Russia

®Heraeus Precious Metals GmbH & Co. KG, Conductive Polymers Division (Clevios),
Chempark Leverkusen Build. B202, D-51368 Leverkusen, Germany

’Chemistry Department, Moscow State University, Leninskie Gory 1-3, Moscow
119991, Russia

8Bavarian Center for Applied Energy Research (ZAE Bayern), Haberstrale 2a, 91058

Erlangen, Germany

E-mail: Min.Jie@ww.uni-erlangen.de (J. Min)

CONTENTS

1. Materials synthesis

2.'H, 3C NMR Spectra 8


mailto:Min.Jie@ww.uni-erlangen.de

3. GPC data
30
4. Thermogravimetric analysis (TGA) and differential scanning calorimetry
(DSC) data
31
5. Cyclovoltammetry analysis (CVA) data
35
6. X-ray diffraction (XRD) data
36
7. Atomic Force Microscopy (AFM) data
42

8. Hole mobility measurements. 46

1. Material synthesis

2-acetylthiophene (2a). A solution of 2-bromothiophene (38 g, 0.23 mol) in 370
mL of dry THF was added dropwise to a suspension of magnesium (5.71 g, 0.24 mol)
in 10 mL of THF. The Grignard reagent was refluxed for 2 h, then cooled to room
temperature and added dropwise to solution of acetyl chloride (18.3 g, 0.23 mol) and
freshly prepared Li,MnCl, (5.83 mmol) in 100 mL of THF at 0 °C. After addition of
the Grignard reagent, the cooling bath was removed and stirring was continued for 1
hour. After completion of the reaction, it was poured into 400 mL of distilled water
and extracted three times with freshly distilled diethyl ether. The solvent was
evaporated in vacuum and the residue was dried at 1 Torr to give the crude product in
90% reaction yield (according to "H NMR). It was purified by distillation in vacuum
(50 mBar, 122 °C) to give pure compound 2a (24.1 g, 82 %) as a colourless liquid. 'H
NMR (250 MHz, CDCl;, 8, ppm): 2.56 (s, 3H), 7.12 (dd, 1H, J; = 3.7, J, = 4.9 Hz),
7.62 (dd, 1H, J;=1.2,J,=4.9 Hz), 7.68 (dd, 1H, J; = 1.2, J, = 3.7 Hz). Calcd (%) for
CeHgOS: C, 57.12; H, 4.79; S, 25.41. Found: C, 57.16; H, 4.80; S, 25.31.

2,5,5-trimethyl-2-(2-thienyl)-1,3-dioxane (3a). Compound 2a (4.5 g, 35.7 mmol)
was dissolved in dry benzene (90 mL). After complete dissolution 2,2-dimethyl-1,3-
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propanediole (16.6 g, 178 mmol) and p-TosH (1.36 g, 7.1 mmol) were added. Then
the mixture was stirred at reflux for 18 hours using a Dean-Starck water separator.
After that, the triethylamine (10 ml) was added and the mixture was extracted 3 times
with toluene (300 mL). The combined organic phases were dried over sodium sulfate
and filtered. The solvent was evaporated in vacuum and the residue was dried at 1
Torr. This crude product was purified by column chromatography on silica gel (eluent
toluene : hexane (1:1)) to give pure product (5.38 g, 71%) as a colorless liquid. 'H
NMR (250 MHz, CDCl;, 6, ppm): 0.64 (s, 3H), 1.22 (s, 3H), 1.66 (s, 3H), 3.39 (d, 2H,
J=11Hz), 3.65 (d, 2H, J = 11 Hz), 6.92-7.09 (overlapping peaks, 2H), 7.27 (dd, 1H,
J; =12, J, =43 Hz). BC NMR (125 MHz, CDCl;): J [ppm] 21.88, 22.65, 29.72,
32.42, 71.88, 98.77, 125.47, 125.50, 126.83, 145.57. Calcd (%) for C;1H;60,S: C,
62.23; H, 7.60; S, 15.10. Found: C, 62.32; H, 7.64; S, 15.00. MALDI MS: found m/z
212.090; calculated for [M]* 212.087.
2,5,5-trimethyl-2-[5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-thienyl|-

1,3-dioxane (4a). 1.6 M solution of butyllithium (8.83 mL, 14.1 mmol) in hexane was
added dropwise to a solution of compound 3a (3.00 g, 14.1 mmol) in 80 mL of dry
THF -78 °C. Afterwards the reaction mixture was stirred for 60 min at -78 °C and then
IPTMDOB (2.88 mL, 14.1 mmol) was added in one portion. The reaction mixture
was stirred for 1h at —78 °C, then the cooling bath was removed, and the stirring was
continued for 1h. After completion of the reaction, 150 mL of freshly distilled diethyl
ether and 75 mL of distilled water and 14 mL of 1 M HCI were added to the reaction
mixture. The organic phase was separated, washed with water, and dried over sodium
sulfate and filtered. The solvent was evaporated to give 4.64 g (97%) of the pure
product (purity was 100% according to 'H NMR) as a brown solid. The product was
used in the subsequent synthesis without further purification. 'H NMR (250 MHz,
CDCls, o, ppm): 0.61 (s, 3H), 1.21 (s, 3H), 1.32 (s, 12H), 1.64 (s, 3H), 3.36 (d, 2H, J
=11 Hz), 3.63 (d, 2H, J = 11 Hz), 7.05 (d, 1H, J = 3.7 Hz), 7.50 (d, 1H, J = 3.1 Hz).
3C NMR (125 MHz, CDCl;): 6 [ppm] 21.80, 22.63, 24.74, 29.71, 32.50, 72.00, 84.09,
98.91, 127.01, 137.14, 152.97. Calcd (%) for C1;H»7BO,S: C, 60.36; H, 8.05; S, 9.48.
Found: C, 60.45; H, 8.10; S, 9.33. MALDI MS: found m/z 339.148; calculated for
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[M+H]* 339.180.
tris{4-|5'-(2-methyl-1,3-dioxolan-2-yl)-2,2'-bithien-5-yl|phenyl}amine (5a). In
an inert atmosphere, degassed solutions of #ris(4-bromophenyl)amine (1.64 g, 3.40
mmol) and compound 4a (4.11 g, 12.1 mmol) in toluene/ethanol mixture (80/8 mL)
and 2M solution of aq. Na,CO; (18 mL) were added to Pd(PPh;3); (421 mg, 0.36
mmol). The reaction mixture was stirred under reflux for 22 h, and then it was cooled
to room temperature and poured into 100 mL of water and 200 mL of toluene. The
organic phase was separated, washed with water, dried over sodium sulfate and
filtered. The solvent was evaporated in vacuum and the residue was dried at 1 Torr.
The product was purified by column chromatography on silica gel (eluent toluene) to
give pure compound 5 (2.53 g, 85%) as a yellow solid. 'H NMR (250 MHz, CDCls):
o [ppm] 1.67 (s, 9H), 1.23 (s, 9H), 1.69 (s, 9H), 3.41 (d, 6H, J =11 Hz), 3.71 (d, 6H, J
=11 Hz), 6.94 (d, 3H, J = 3.7 Hz), 7.06-7.17 (overlapping peaks, 9H), 7.47 (d, 6H, J
= 8.6 Hz). 3C NMR (125 MHz, CDCl): J [ppm] 21.94, 22.70, 29.76, 32.27, 71.98,
98.71, 122.18, 124.41, 126.60, 127.44, 129.27, 144.03, 144.33, 146.49. Calcd (%) for
Cs1Hs7NOgS;: C, 69.91; H, 6.56; N, 1.60; S, 10.98. Found: C, 69.68; H, 6.61; N, 1.45;
S, 10.65. MALDI MS: found m/z 760.831; calculated for [M]" 761.149.
1,1',1"-[nitrilotris(4,1-phenylenethiene-5,2-diyl)|triethanone (6a). 1M HCI
(3.42 mL) was added to a solution of compound Sa (1.00 g, 1.1 mmol) in THF (20
mL) and then the reaction mixture was stirred for 3 hours at reflux. During the
reaction, the product was gradually formed as yellow precipitate. After completion of
the reaction the organic phase was separated using diethyl ether, washed with water
and filtered off to give pure compound 6a (0.73 g, 95%) as yellow crystals. 'H NMR
(250 MHz, CDCls): ¢ [ppm] 2.56 (9H, s), 7.14 (d, 6H, J = 8.5 Hz), 7.27 3H, d, J =
3.7 Hz), 7.56 (d, 6H, J = 7.9 Hz ), 7.64 (d, 3H, J = 4.3 Hz). 3C NMR (125 MHz,
CDCl): 6 [ppm] 26.69, 123.53, 124.58, 124.76, 127.61, 128.79, 133.80, 142.83,
147.51, 152.41, 190.64. Calcd (%) for C3H,7NOsS3: C, 69.99; H, 4.41; N, 2.27; S,
15.57. Found: C, 70.02; H, 4.58; N, 2.22; S, 15.33. MALDI MS: found m/z 616.878;
calculated for [M]* 617.115.
2,2',2"-[nitrilozris(4,1-phenylenethiene-5,2-diyleth-1-yl-1-
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ylidene)|trimalononitrile N(Ph-1T-DCN-Me);. Compound 6a (0.92 g, 1.4 mmol),
malononitrile (0.54 g, 8.2 mmol) and dry pyridine (25 mL) were placed in a reaction
vessel and stirred under argon atmosphere for 8 hours at 105 °C using the microwave
heating. After completeness of the reaction, the pyridine was evaporated in vacuum
and the residue was dried at 1 Torr. This crude product was purified by column
chromatography on silica gel (eluent dichloromethane). Further purification included
precipitation of the product from its THF solution with toluene and hexane to give
pure product as a black solid (0.86 g, 82%). 'H NMR (250 MHz, CDCl;): ¢ [ppm]
2.69 (9H, s), 7.16 (d, 6H, J = 8.5 Hz), 7.87 (d, 3H, J=4.3 Hz), 7.59 (d, 6H, J = 8.5
Hz), 8.00 (d, 3H, J = 4.3 Hz). *C NMR (125 MHz, CDCl;): ¢ [ppm] 23.15, 113.97,
114.50, 124.43, 124.77, 127.80, 135.46, 136.43, 147.67, 153.20, 161.47. Calcd (%)
for C45sH,7N-S5: C, 70.94; H, 3.57; N, 12.87; S, 12.62. Found: C, 70.93; H, 3.49; N,
12.77; S, 12.63. MALDI MS: found m/z 760.831; calculated for [M]* 761.149.
1-(2,2':5',2"'-terthien-5-yl)heptan-1-one (2d). Compound 2d was obtained by the
method described above for compound 2a using 5-bromo-2,2":5',2"-terthiophene (7.87
g, 24.0 mmol), magnesium (0.59 g, 24.8 mmol), heptanoyl chloride (3.57 g, 24.0
mmol) and freshly prepared Li,MnCl, (0.6 mmol) to give the crude product in 71%
reaction yield (according to 'H NMR). It was purified by a column chromatography
on silica gel (eluent toluene) to give pure product (5.55 g, 64 %) as a yellow solid. 'H
NMR (250 MHz, CDCl;, 8, ppm): 0.88 (t, 3H, J = 6.7 Hz), 1.20 — 1.44 (overlapping
peaks, 6H), 1.73 (m, 2H, M =5, J="7.3 Hz), 2.85 (t, 2H, J= 7.3 Hz), 7.01 (dd, 1H, J;
=3.7,J, =55 Hz), 7.09 (d, 1H, J = 3.7 Hz), 7.14 (d, 1H, J = 3.7 Hz), 7.17 — 7.23
(overlapping peaks, 2H), 7.24 (dd,1H, J;, = 1.2, J, =4.9 Hz), 7.58 (d, 1H, J = 3.7 Hz).
3C NMR (75 MHz, CDCl;): 0 [ppm] 14.03, 22.49, 24.86, 29.01, 31.59, 39.03, 123.89,
124.24, 124.52, 125.11, 126.17, 127.99, 132.53, 134.92, 136.57, 138.32, 142.29,
144.89, 193.14. Calced (%) for C;9H,00S5: C, 63.29; H, 5.59; S, 26.68. Found: C,
63.34; H, 5.61; S, 26.59.
2-hexyl-2-(2,2':5',2""-terthien-5-yl)-1,3-dioxolane (3d). Compound 10 (8.4 g,
23.3 mmol) was dissolved in dry benzene (350 mL). After complete dissolution,

ethylene glycol (65 mL, 1.16 mol) and p-TosH (0.89 g, 4.7 mmol) were added. Then
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the mixture was stirred at reflux for 18 hours using a Dean-Starck water separator.
After that, the equivalent amount of saturated aqueous sodium bicarbonate (4.7 mmol)
water solution was added and the mixture was extracted 3 times with toluene (300
mL). The combined organic phases were dried over sodium sulfate and filtered. The
solvent was evaporated in vacuum and the residue was dried at 1 Torr. This crude
product was purified by column chromatography on silica gel (eluent toluene) to give
pure product (8.22 g, 87%) as a yellow solid. '"H NMR (250 MHz, CDCl;, 8, ppm):
0.85 (t, 3H, J= 6.7 Hz), 1.18 — 1.49 (overlapping peaks, 8H), 1.99 (t, 2H, J= 7.3 Hz),
3.91-4.11 (overlapping peaks, 4H), 6.89 (dd,1H, J; = 1.8, J, = 3.7 Hz), 6.96 — 7.11
(overlapping peaks, 4H), 7.15 (dd, 1H, J; = 1.0, J, = 3.7 Hz), 7.20 (J; = 1.0, J, = 5.5
Hz). BC NMR (75 MHz, CDCl;): 6 [ppm] 14.06, 22.55, 23.67, 29.26, 31.72, 40.56,
65.00, 108.99, 123.31, 123.64, 124.08, 124.28, 124.43, 125.09, 127.85, 136.11,
136.18, 136.58, 137.10, 145.94. Calcd (%) for C,;Hp,0,S;5: C, 62.34; H, 5.98; S,
23.77. Found: C, 62.44; H, 6.04; S, 23.63. HRESIMS: found m/z 427.0828; calculated
for [M+Na]* 427.0831.
2-[5"-(2-hexyl-1,3-dioxolan-2-yl)-2,2':5',2""-terthien-5-yl]|-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (4d) was obtained by the method described above
for compound 4a using compound 3d (8.08 g, 20.00 mmol), 1.6 M solution of n-
butyllthium (12.50 mL, 20.00 mmol) in hexane, IPTMDOB (4.10 mL, 20.00 mmol)
to give pure compound 4d (10.4 g, 98%) as green crystals. The product was used in
the subsequent synthesis without further purification. 'H NMR (250 MHz, CDCl;, 3,
ppm): 0.86 (t, 3H, J = 6.7 Hz), 1.25 — 1.44 (overlapping peaks with maximum at 1.34
ppm, 20H), 1.99 (t, 2H, J = 7.3 Hz), 3.95-4.07 (overlapping peaks, 4H), 6.89 (d, 1H,
J=3.7Hz), 7.01 (d, 1H, J = 3.1 Hz), 7.02 (d, 1H, J = 3.1 Hz), 7.11 (d, IH, J=3.7
Hz), 7.21 (d, 1H, J= 3.7 Hz), 7.51 (d, 1H, J= 3.7 Hz). 3C NMR (75 MHz, CDCl5): ¢
[ppm] 14.05, 22.54, 23.66, 24.73, 29.24, 31.71, 40.55, 65.00, 84.18, 108.98, 123.48,
124.22, 124.79, 124.98, 125.11, 135.93, 136.47, 136.85, 137.95, 143.74, 146.14.
Calcd (%) for Cp7H35sBO,4S;: C, 61.12; H, 6.65; S, 18.13. Found: C, 61.24; H, 6.70; S,
18.00.
tris{4-|5""-(2-hexyl-1,3-dioxolan-2-yl)-2,2':5',2""-ter thien-5-
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yl]phenyl}amine (5d) was obtained by the method described above for compound 5
using compound 4d (4.99 g, 9.41 mmol), tris(4-bromophenyl)amine (1,26 g, 2.61
mmol), Pd(PPh;), (326 mg, 0.28 mmol) and aq. 2M Na,CO; (14 ml) The crude
product was purified by column chromatography on silica gel (eluent toluene) to give
pure compound 5d (3.13 g, 82%) as yellow solid.'"H NMR (250 MHz, CDCl;):
[ppm] 0.85 (t, 9H, J = 6.7 Hz), 1.22-1.47 (overlapped peaks, 24H), 2.00 (t, 6H, J =
7.3 Hz), 3.92-4.09 (overlapped peaks, 12H), 6.89 (d, 3H, J = 3.7 Hz), 6.98-7.09
(overlapped peaks, 9H), 7.11-7.18 (overlapped peaks, 12H), 7.48 (d, 6H, J = 8.5 Hz).
I3C NMR (125 MHz, CDCl;): 6 [ppm] 14.05, 22.56, 23.68, 29.27, 31.72, 40.57, 65.03,
109.02, 123.20, 123.33, 124.05, 124.18, 124.44, 124.58, 125.12, 126.55, 128.93,
135.82, 136.11, 136.21, 136.61, 142.84, 146.03, 146.45. Calcd (%) for Cg;Hg;NOgSo:
C, 66.95; H, 5.62; N, 0.96; S, 19.86. Found: C, 70.06; H, 5.66; N, 0.91; S, 19.71.
HRESIMS: found m/z 1452.3596; calculated for [M+H]" 1452.3623.
1,1',1""-[nitrilotris(4,1-phenylene-2,2':5',2""-terthiene-5'",5-diyl)| triheptan-
1-one (6d) was obtained by the method described above for compound 6a using
compound 5d (2.18 g, 1.5 mmol), IM HCI (4.50 mL) and THF (70 ml). After the
completeness of the reaction the organic phase was separated, washed with water and
filtered off to give pure product (1.97 g, 99%) as orange crystals. '"H NMR (250 MHz,
CDClL): 0 [ppm] 0.88 (t, 9H, J = 6.7 Hz), 1.23-1.43 (overlapped peaks, 18H), 1.74 (m,
6H, M =5,J =73 Hz), 2.86 (t, 6H, J = 7.3 Hz) 7.10-7.20 (overlapped peaks, 18H),
7.22 (d, 3H,J =4.3 Hz), 7.49 (d, 6H, J = 8.5 Hz), 7.58 (d, 3H, J =4.3 Hz). Calcd (%)
for C;5sHgNO5sSo: C, 68.20; H, 5.27; N, 1.06; S, 21.85. Found: C, 68.25; H, 5.29; N,
0.89; S, 21.63.
2,2',2"-[nitrilotris(4,1-phenylene-2,2':5',2"'-terthiene-5"",5-diylhept-1-yl-1-

ylidene)|trimalononitrile (N(Ph-3T-DCN-Hex);) was obtained by the method
described above for N(Ph-1T-DCN-Me); using compound 6d (1.80 g, 1.4 mmol) and
malononitrile (1.08 g, 16.4 mmol). The crude product was purified by column
chromatography on silica gel (eluent toluene:THF, 10:1). Further purification
included precipitation of the product from its THF solution with toluene and hexane

to give pure product as a black solid (1.7 g, 84%). 'H NMR (250 MHz, CDCl): ¢
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[ppm] 0.89 (t, 9H, J = 6.7 Hz), 1.29-1.37 (overlapped peaks, 12H), 1.46 (m, 6H, M =
5,J=17.3Hz), 1.68 (m, 6H, M =5,J = 7.3 Hz), 2.89 (t, 6H, J= 7.3 Hz), 7.10 (d, 6H,
J=23.7Hz), 7.12-7.18 (overlapped peaks, 9H), 7.21 (d, 3H, J=4.2 Hz), 7.26 (d, 3H, J
= 3.7 Hz), 7.47 (d, 6H, J = 8.6 Hz), 7.91 (d, 3H, J = 4.2 Hz). *C NMR (125 MHz,
CDCL): ¢ [ppm] 13.98, 22.43, 29.21, 30.44, 31.26, 37.48, 113.84, 114.67, 123.41,
124.45, 124.81, 125.64, 126.63, 127.37, 128.66, 133.43, 134.87, 135.14, 135.18,
139.77, 144.01, 146.32, 146.55, 166.20. Calcd (%) for Cg4HeoN7So: C, 68.86; H, 4.75;
N, 6.69; S, 19.70. Found: C, 68.06; H, 5.66; N, 0.91; S, 19.71. HRESIMS: found m/z
1452.3596; calculated for [M+H]" 1452.3623.

2. TH, BC NMR Spectra
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Figure S1. 'H NMR spectrum of compound 2a in CDCl3
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9 77.42 | 5843.4 | 0.2363
10 | 84.09 | 6347.0 | 0.0645
11 | 98.91 | 7465.1 | 0.0966
12 | 127.01 | 9586.2 | 0.3256
13 | 137.14 | 10350.6 | 0.3416
14 | 152.97 | 11545.0 | 0.0663

Figure S5. 3C NMR spectrum of compound 4a in CDCl;
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Figure S6. '"H NMR spectrum of compound 5a in CDCl;
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Figure S7. 3C NMR spectrum of compound 5a in CDCl;
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Figure S8. 'H NMR spectrum of compound 6a in CDCl;
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Figure S9. 3C NMR spectrum of compound 6a in CDCl;
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Figure S10. 'H NMR spectrum of compound N(Ph-1T-DCN-Me); in CDCl;
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Figure S11. 3C NMR spectrum of compound N(Ph-1T-DCN-Me); in CDCl;
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Figure S12. "H NMR spectrum of compound 2d in CDCl;
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Figure S13. 3C NMR spectrum of compound 2d in CDCl;
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Figure S14.
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'H NMR spectrum of compound 3d in CDCl;
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Figure S15. 3C NMR spectrum of compound 3d in CDCl;
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Figure S16. '"H NMR spectrum of compound 4d in CDCl;
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Figure S17. 3C NMR spectrum of compound 4d in CDCl;
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Figure S18. '"H NMR spectrum of compound 5d in CDCl;
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Figure S19. 3C NMR spectrum of compound 5d in CDCl;
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Figure S20. '"H NMR spectrum of compound 6d in CDCl;
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Figure S21. '"H NMR spectrum of N(Ph-3T-DCN-Hex); in CDCl;
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Figure S22. 3C NMR spectrum of N(Ph-3T-DCN-Hex); in CDCl;
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3. GPC Data
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Figure S23. GPC-curves of pure N(Ph-1T-DCV-Me);, N(Ph-2T-DCV-Me);, N(Ph-
2T-DCV-Hex); and N(Ph-3T-DCV-Hex);, (column 500 A, diode array detector).
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4. Thermogravimetric analysis (TGA) and differential scanning calorimetry
(DSC) data
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Figure S24. Thermogravimetric analysis of 1) N(Ph-1T-DCN-Me);; 2) N(Ph-2T-
DCN-Me);; 3) N(Ph-2T-DCN-Hex);; 4) N(Ph-3T-DCN-Hex); in inert atmosphere
(nitrogen flow).
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Figure S25. Thermogravimetric analysis of 1) N(Ph-1T-DCN-Me);; 2) N(Ph-2T-
DCN-Me);; 3) N(Ph-2T-DCN-Hex);; 4) N(Ph-3T-DCN-Hex); in air flow.
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Figure S26.

DSC scans of the first heating of N(Ph-1T-DCN-Me); (1) and crystalline fraction of N(Ph-2T-

DCN-Me); (2).
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3: N(Ph-2T-DCN-Hex),
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Figure S27. DSC scans of 1) N(Ph-1T-DCN-Me); (second heating scan); 2) N(Ph-
2T-DCN-Me);; 3) N(Ph-2T-DCN-Hex);; 4) N(Ph-3T-DCN-Hex);. For the sake of

simplicity, curves are shifted along heat flow axis.
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5. Cyclovoltammetry analysis (CVA) data

Figure S28. Electrochemical a) oxidation and b) reduction curves of N(Ph-1T-DCN-

Me); in the 1,2-dichlorobenzene: acetonitrile (4:1) mixture of solvents using 0.1M

Bu4NPF6 as supporting electrolyte.

E,V

Figure S29. Electrochemical a) oxidation and b) reduction curves of N(Ph-3T-DCN-
Hex); in the 1,2-dichlorobenzene: acetonitrile (4:1) mixture of solvents using 0.1M

Bu4NPF6 as supporting electrolyte.
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6. X-ray diffraction (XRD) data

Figure S30. X-Ray scattering pattern of as-received sample of N(Ph-1T-DCN-Me);
at room temperature. Insets show the temperature evolution of small-angle (a) and

wide-angle (b) spectra: 140°C (1), 180°C (2), 30°C, cooled after melting at 260°C (3).
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Table S1. Observed reflections for the stable crystalline modification of N(Ph-1T-
DCN-Me); compound.

N ki o, A deae A Ad A
1 001 13.11 13.09 -0.02
2 010 12.43 12.46 0.03
3 011 11.91 11.91 <0.005
4 111 11.43 11.47 0.04
5 121 8.51 8.53 0.02
6 102 8.13 8.15 0.02
7 012 7.18 7.19 0.01
8 122 6.32 6.34 0.02
9 151 6.15 6.15 <0.005
10 113 5.67 5.67 <0.005
11 131 5.34 5.34 <0.005
12 21y 5.17 5.17 <0.005
13 233 4.59 4.59 <0.005
14 224 430 430 <0.005
15 123 4.13 4.13 <0.005
16 210 3.76 3.76 <0.005
17 114 3.58 3.58 <0.005
18 031 3.55 3.55 <0.005
19 251 3.48 3.48 <0.005
20 212 3.33 3.33 <0.005
21 125 321 3.20 -0.01
22 230 3.04 3.04 <0.005
23 044 2.98 2.98 <0.005
24 134 2.92 2.92 <0.005
25 134 2.82 2.82 <0.005
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Figure S31. Wide-angle X-Ray scattering (WAXS) patterns of 2) N(Ph-2T-DCN-
Me);; 3) N(Ph-2T-DCN-Hex);; 4) N(Ph-3T-DCN-Hex);. For the sake of simplicity,

scans are shifted along Intensity axis.

38



Intensity, a.u.

Figure S32. Small-angle X-Ray Scattering (SAXS) patterns of N(Ph-2T-DCN-Me);
(1) and N(Ph-3T-DCN-Hex); (2-5) at room temperature (as-received samples, curves
1 and 2), 120°C (3), 140°C (4), 160°C (5). For the sake of simplicity, scans are shifted

along Intensity axis.
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Figure S33. Typical X-Ray reflectivity curve for mixtures of star-shaped molecules

(N(Ph-2T-DCN-Me);) with PC71BM. Arrows show minima observed.
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Figure S34. Grazing incidence X-Ray diffraction patterns of the mixtures of N(Ph-
2T-DCN-Me); (2), N(Ph-2T-DCN-Hex); (3), N(Ph-3T-DCN-Hex); (4) with

PC7BM. Wide-angle X-Ray pattern of pure PC7;BM (5) is shown for comparison.
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7. Atomic Force Microscopy (AFM) data
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Figure S35. Height — height correlation function calculated from AFM image of
N(Ph-1T-DCN-Me); : PC;;BM blend (Figure 5a).
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Figure S36. Height — height correlation function calculated from AFM image of

N(Ph-2T-DCN-Me); : PC;,BM blend (Figure 5b).
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Figure S37. Height — height correlation function calculated from AFM image of

N(Ph-2T-DCN-Hex); : PC7;BM blend (Figure Sc).
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Figure S38. Height — height correlation function calculated from AFM image of

N(Ph-3T-DCN-Hex); : PC7BM blend (Figure 5d).
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8. Hole mobility measurements
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Figure S39. Hole only mobilities of pristine films of a) N(Ph-1T-DCN-Me); and

N(Ph-2T-DCN-Me);; and b) N(Ph-1T-DCN-Me); and N(Ph-2T-DCN-Me);, which

were determined by three different thicknesses.
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Figure S40. Hole only mobilities of blended films of a) N(Ph-1T-DCN-Me); and

N(Ph-2T-DCN-Me);; and b) N(Ph-1T-DCN-Me); and N(Ph-2T-DCN-Me); with

PC7,BM as acceptors, which were also determined by three different thicknesses.
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Figure S41. (a) Hole only mobilities of pristine (a) and blended (b) films with the
four TPA-based molecules with PC;;BM as acceptors, which were measured in a

device geometry similar to solar cell devices for a range of thicknesses.
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