Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2017

Electronic Supplementary Information

Molecular weight tuning of low bandgap polymers by continuous flow
chemistry: increasing the applicability of PffBT4T for organic
photovoltaicsf

Geert Pirotte?, Shruti Agarkar®, Bing Xu®, Junxiang Zhang®, Laurence Lutsen®, Dirk Vanderzande?®,
He Yan®¢, Pamela Pollet®, John R. Reynolds®*, Wouter Maes®*, Seth R. Marder™*

(a) UHasselt — Hasselt University, Institute for Materials Research (IMO-IMOMEC), Design & Synthesis of Organic Semiconductors
(DSO0S), Agoralaan — Building D, 3590 Diepenbeek, Belgium

(b) School of Chemistry & Biochemistry and Center for Organic Photonics and Electronics, Georgia Institute of Technology, 901 Atlantic
Drive, Atlanta, Georgia 30332, United States

(c) IMEC, IMOMEC, Universitaire Campus — Wetenschapspark 1, 3590 Diepenbeek, Belgium

(d) Department of Chemistry, The Hong Kong University of Science and Technology, Clear Water Bay, Kowloon, Hong Kong
(e) HKUST-Shenzhen Research Institute, No. 9 Yuexing 1st RD, Hi-tech Park, Nanshan, Shenzhen 518057, China
Corresponding authors:

Tel.: +1 4043854390; E-mail: reynolds@chemistry.gatech.edu

Tel.: +32 11268312; E-mail: wouter.maes@uhasselt.be

Tel.: +1 4043856048; E-mail: seth.marder@chemistry.gatech.edu

ORCIDs:

G. Pirotte: 0000-0001-9829-4569

D. Vanderzande: 0000-0002-9110-124X

P. Pollet: 0000-0002-7416-4193

H. Yan: 0000-0003-1780-8308

J. R. Reynolds: 0000-0002-7417-4869

W. Maes: 0000-0001-7883-3393

Sl



1. Continuous flow set-up and operation

Figure S1: Reagents are injected into the continuous flow reactor (D) by two SGE gastight syringes (A), a T-piece mixer (B)
and a 4-way valve (C).

Figure S2: The tubular flow reactor is immersed in an oil bath. The incoming reaction mixture (A) rapidly turns deep purple.
Before exiting the reactor (C), the reaction mixture is diluted (B) by a stream of fresh solvent, in which also the palladium
scavenging agent is dissolved.
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2. Modified processing chuck

Figure S3: The modified processing chuck, which allows elevation of the glass substrate from the cold metal surface. The
substrate rests on the four corners and is kept in place with 8 pins.

3. Dependence of the photoactive layer film formation on molecular weight and the
processing set-up

Figure S4: a) Example of incomplete coverage of the substrate and gelation in case of higher molecular weight PffBT4T-
20D with the initial processing set-up (commercial sample of Solarmer, Mn = 57.2 kDa); b) Example of a properly spin-
coated active layer, with lower molecular weight PffBTAT-20D (Table 5, entry 5) and using the initial processing set-up.
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4. J-V curves
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Figure S5: J-V curves of (maximum efficiency) BHJ OPV devices based on PffBT4T-20D from commercial sources
and synthesized by flow.
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Figure S6: J-V curve of an average efficiency BHJ OPV device based on PffBT4T-2DT synthesized by flow.
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5. Flow parameters and GPC data

Table S1: Overview of the flow parameters and GPC data of all polymers synthesized within this project.

Injection I_Qesidenpe Tempoerature Flow rate [M] I\?gf:rtﬁg Mn Mw D
time (min) (°C) (UL/min) (mM) (mL) (kg/mol) | (kg/mol)
1 - PHBT4T-20DaP
1 30 117 666 1.75 435 84.6 1.95
2 45 117 444 29.6 1.75 418 78.4 1.87
3 60 120 333 3.50 37.7 69.3 1.84
2 - PffBT4T-20D"
1 120 1.00 38.1 71.2 1.87
2 30 130 666 294 1.00 320 58.1 1.82
3 140 1.00 28.7 495 1.72
3 - PffBT4T-20DP
1 120 1.00 43.0 86.1 2.00
2 45 130 444 294 1.00 36.8 69.5 1.89
3 140 1.00 26.8 477 1.78
4 - PffBT4T-20D
1 120 1.75 48.6 101.2 2.08
2 30 130 666 29.6 1.75 39.9 76.4 191
3 140 1.44 30.9 55.1 1.78
5 - PffBT4T-20D
1 120 1.25 47.8 99.4 2.08
2 60 130 333 295 125 41.8 82.6 1.97
3 140 2.45 33.8 60.3 1.78
6 - PFffBT4T-20D
1 26 120 754 ‘ 29.6 17.74 54.9 108.1 ‘ 1.97
7 - PfiBT4T-20D
1 140 1.75 32.0 64.0 2.00
2 30 130 333 295 1.75 39.4 78.4 1.99
3 120 1.75 45.0 94.2 2.09
8 - PffBT4T-20D
1 30 130 333 | 202 175 404 765 | 189
9 - PffBT4T-20D
1 15 120 1332 ‘ 29.6 8.99 50.9 103.1 ‘ 2.03
10 - PffBT4T-20D
1 20 120 1000 | 208 9.00 51.8 1059 | 2.0
11 - PffBT4T-20D
1 10 120 2000 29.6 4.50 47.8 98.5 2.06
2 5 120 4000 29.6 4.50 43.8 88.6 2.02
3 20 120 1000 29.6 4.50 47.8 101.4 212
4 20 140 1000 29.6 4.50 32.7 62.6 1.92
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12 - PffBT4T-20D

1| 26 | 120 | 74 | 1974 | wza | a9 | 899 | 205
13- PffBT4T-20D
1| 26 | 10 | 7se | esr | azma | 266 | 467 [ 17
PFBTAT-2DT
1| 26 | 120 | 74 | 206 | 1800 | se1 | 1139 | 203
Commercial sample Solarmer
| va | oNna | ona | ona | NAe | st2 | 1300 |22
Commercial sample 1-Material
| ova | ona | o ona | ona | ona | oms | ee7 |67

aPerformed without back pressure regulator (leading to gas bubbles and an irregular flow).

bThe monomers and catalyst were injected as one single solution into the system.
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6. 'H NMR spectra and GPC traces
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Figure S7: *H NMR spectrum of PffBT4T-20D (Table 5, entry 4) in 1,1,2,2-tetrachloroethane-d at 110 °C.
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Figure S8: *H NMR spectrum of PffBT4T-2DT (Table 5, entry 6) in 1,1,2,2-tetrachloroethane-d2 at 110 °C.
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Figure S9: Molar mass distributions obtained from the analytical size exclusion chromatograms of PffBT4T-20D
(Table 5, entry 4) and PffBT4T-2DT (Table 5, entry 6).
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