Supporting Information
Novel NIR Absorbing Benzotrithiophene-Based Copolymers for Organic Photovoltaics
Hyokwon Kima, 1, Mi-Jeong Choib, 1, Seok-In Nab, **, Kyukwan Zonga, *
a Department of Chemical Education, Institute of Fusion Science, Chonbuk National University, 567 Baekje-daero, Jeonju 54896, Republic of Korea
b Professional Graduate School of Flexible and Printable Electronics, Polymer Materials Fusion Research Center, Chonbuk National University, 567 Baekje-daero, Jeonju 54896, Republic of Korea

Contents
Molecular structures of seven benzotrithiophene isomers                                   S2
1H NMR and 13C NMR of 6a                                                             S3
1H NMR and 13C NMR of 6b                                                             S4
Procedure of the device preparation                                                      S5
Device optimization:
1. Concentration                                                                        S5
2. Additive (DIO)                                                                        S6
[bookmark: _GoBack]3. Film thickness (RPM)                                                                  S7
4. Solar cell parameters of the devices fabricated from P1~P3 at optimized condition          S8
5. Solar cell parameters of the devices fabricated from P1 at DIO optimized condition         S9





Figure S1. Molecular structures of seven benzotrithiophene isomers.
(a) benzo[1,2-c:3,4-c’:5,6-c”]trithiophene (ccc-BTT) (b) benzo[1,2-b:3,4-b’:5,6-b”]trithiophene (bbb-BTT-1) (c) benzo[2,1-b:3,4-b’:5,6-b”]trithiophene (bbb-BTT-2) (d) benzo[1,2-b:3,4-c’:5,6-c”]trithiophene (bcc-BTT) (e) benzo[1,2-b:4,3-b’:5,6-c”]trithiophene (bbc-BTT-1) (f) benzo[1,2-b:4,3-b’:5,6-c”]trithiophene (bbc-BTT-2) (g) benzo[2,1-b:3,4-b’:5,6-c”]trithiophene (bbc-BTT-3)










Figure S2. 1H NMR and 13C NMR of 6a






Figure S3. 1H NMR and 13C NMR of 6b
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Figure S4. Procedure of device preparation
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Figure S5. Variation of PCE based on concentration optimization
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Figure S6. Variation of J-V curves based on concentration optimization.
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Figure S7. Variation of PCEs based on DIO optimization
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Figure S8. Variation of P-V curves based on DIO optimization
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Figure S9. Variation of PCE based on film thickness optimization
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Figure S10. Variation of P-V curves based on film thickness optimization
Table S1. Solar cell parameters of the devices fabricated from P1~P3 at optimized condition
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Table S2. Solar cell parameters of the devices fabricated from P1 at DIO optimized condition
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olymer solvent Concentration Voc Jsc FF PCE
poy (mg/mi) ™ (mA/cm?) %) )
10 0.536 2661 37.233 0.536
(£0.105)  (+0.181) (+4.091) (+0.135)
2 0.592 3.359 49.102 0.977
(£0.009)  (+0.140) (£3.811) (+0.089)
PL
30 0.579 2526 43.082 0.632
(£0.010)  (+0.040) (+6.203) (+0.101)
50 0.570 1653 46.028 0434
(£0.003)  (+0.045) (+0.167) (£0.014)
10 0271 0.277 28182 0.021
(£0.010)  (+0.010) (+1.444) (+0.008)
2 0713 0425 39.074 0.119
(£0.047)  (+0.009) (£3.203) (+0.018)
P2 cB
30 0728 0.39 39.978 0.115
(£0017)  (+0.012) (+1.970) (£0.007)
50 0.672 0.264 35.839 0.064
(£0.135)  (+0.103) (+3.968) (£0.031)
0.003 0.503
10 (£0.000)  (+0.035) NaN NaN
2 0.837 0.887 43.994 0327
(£0.004)  (+0.034) (£0.317) (£0.014)
P3
30 0.807 1281 42547 0.440
(£0.004)  (+0.038) (+0.246) (£0.013)
50 0.805 1586 36.881 0471
(£0.002)  (+0.040) (+0.410) (+0.016)
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image10.png
polymer  concentration DIO Voe Js FF PCE
) (mA/em?) (%) (%)
0% 0.598 3.485 49.069 1.022
1% 0.588 8.768 60.811 3.135
p1 20mg/ml
2% 0.591 8.932 59.269 3.127
3% 0.592 8.884 58.154 3.060
0% 0.719 0.402 39.588 0.114
1% 0.768 0.367 45.615 0.128
P2 20mg/ml
2% 0.678 0.101 43.089 0.030
3% 0.659 0.096 35.124 0.022
0% 0.808 1.635 37.541 0.496
1% 0.806 2143 35.217 0.608
P3 50mg/ml
2% 0.798 1.979 30.953 0.489
3% 0.657 1429 40.818 0.383





image11.png
Procedure: ITO / PEDOT:PSS(5000rpm, 40s) / annealing 120°C, 10min / active 700rpm, 60s — 2000rpm, 2s (annealing) / Ca(20nm)/Al(100nm)




image12.png
I

TR TRET
e DIO(vol%)

—
[T TR TR T
Additive DIO(vol%)

0% 1% 2% 3%
Additive DIO(vol%





image13.png
polymer  concentration DIO Voc Jsc 2 FF PCE
) (mA/em’) (%) (%)
0% 0.592 3359 49.102 0.977
° (+0.009) (+0.140) (+3.811) (+0.089)
1% 0.589 8.825 60.064 3.119
20mg/ml ° (+0.001) (+0.087) (+1.157) (+0.028)
P1
2% 0.589 8.953 58.501 3.084
(+0.003) (+0.088) (+0.590) (+0.021)
3% 0.584 8.775 54.466 2790
(+0.005) (+0.025) (+0.726) (+0.043)
0% 0.693 0.402 37.077 0.103
° (+0.019) (+0.006) (+1.570) (+0.007)
1% 0.763 0.363 45.614 0.126
° (+0.004) (+0.005) (+0.174) (+0.002)
P2 20mg/ml
2% 0.680 0.099 42.759 0.029
(+0.005) (+0.002) (0.469) (+0.001)
3% 0.648 0.093 34.243 0.021
(+0.012) (+0.002) (+0.643) (+0.001)
0% 0.805 1.586 36.881 0471
° (+0.002) (+0.040) (+0.410) (+0.016)
1% 0.802 2.093 34811 0.584
° (+0.003) (+0.025) (+0.357) (+0.013)
P3 50mg/ml
2% 0.789 1.865 30.387 0.447
(+0.006) (+0.087) (+0.332) (+0.028)
3% 0.691 0.945 31.015 0.206
(+0.142) (+0.269) (+5.306) (+0.096)
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image15.png
Procedure: ITO / PEDOT:PSS(5000rpm, 40s) / annealing 120°C, 10min / active 700rpm, 60s — 2000rpm, 2s (annealing) / Ca(20nm)/Al(100nm)
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image17.png
olymer Concentration RPM Voc Jsc FF PCE
poly! _pIo ™ (mA/em?) ) )
700 0.589 8.825 60.064 3.119
(£0.001) (£0.087) (£1.157) (£0.028)
p1 20mg/ml 1500 0.554 4.527 55.975 1.430
_DIO 1% (£0.058) (£0.340) (£11.434) (£0.425)
5000 0.553 1.783 55.067 0.525
(£0.013) (£0.026) (£6.731) (£0.078)
700 0.763 0.363 45614 0.126
(£0.004) (£0.005) (£0.174) (£0.002)
P2 20mg/ml 1500 0.635 0.296 41.495 0.083
_DIO 1% (£0.231) (£0.017) (£6.230) (£0.037)
5000 0.614 0.189 40.319 0.049
(£0.203) (£0.008) (£4.690) (£0.018)
700 0.802 2.093 34.811 0.584
(£0.003) (£0.025) (£0.357) (£0.013)
P3 50mg/ml 1500 0.795 2.092 36.814 0.613
_DIO 1% (£0.016) (£0.102) (£0.268) (£0.040)
5000 0.808 2.040 42552 0.701
(£0.004) (£0.072) (£1.208) (£0.020)
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image19.png
Concentration

polymer )

20mg/ml

P DIO 1%

20mg/ml

P2 DIO 1%

50mg/ml

P3 DIO 1%

RPM T A ?55
700 0.588 8.768 60.811 3.135
1500 0.587 4.908 63.562 1.832
5000 0.542 1812 60.428 0.594
700 0.768 0.367 45.615 0.128
1500 0.759 0314 44.802 0.107
5000 0.705 0.197 44.626 0.062
700 0.806 2143 35.217 0.608
1500 0.808 2181 36.865 0.650
5000 0.808 2.046 43.799 0.724





image20.png
Procedure: ITO / PEDOT:PSS(5000rpm, 40s) / annealing 120°C, 10min / active (annealing) / Ca(20nm)/Al(100nm)
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polymer  Solvent concentration  DIO Ratio Acceptor rpm Annealing ‘:\‘;)‘ (m‘:;gmz) (f,/z) '(’;f
0.589 8.825 60.064 3.119
P1 20mg/ml 1% 11 PC61BM 700 X (£0.001) (£0.087) (£1.157) (+0.028)
(Max.0.588) (Max8.768) (Max60.811) (Max.3.135)
0.763 0.363 45614 0.126
P2 cB 20mg/ml 1% 11 PC61BM 700 X (+0.004) (£0.005) (£0.174) (£0.002)
(Max0.768) (Max0.367) (Maxd5.615) (max.0.128)
0.808 2.040 42552 0.701
P3 50mg/ml 1% 11 PC61BM 5000 X (+0.004) (+0.072) (+1.208) (+0.020)
(Max.0.808) (Max2.046) (Max43.799) (max.0.724)
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Procedure: ITO / PEDOT:PSS(5000rpm, 40s) / annealing 120°C, 10min / active (no annealing) / Ca(20nm)/Al(100nm)
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polymer  Solvent concentration  DIO Ratio Acceptor rpm Annealing ‘{“;)c (ml{,fmz) (gz) :;)E
0.592 3.359 49.102 0.977

X (£0.009) (£0.140) (£3811) (£0.089)

. (Max.0.598) (Max3.485) (Max49.069) (Max.1.022)

P1 CB 20mg/ml 11 PC61BM 700 X 0.589 8.825 60.064 3119
1% (£0.001) (£0.087) (£1157) (£0.028)

(Max.0.588) (Max.8.768) (Max.60.811) (Max.3.135)
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Procedure: ITO / PEDOT:PSS(5000rpm, 40s) / annealing 120°C, 10min / active 700rpm, 60s — 2000rpm, 2s
(no annealing) / Ca(20nm)/Al(100nm)
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