Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2024

Supplementary Information:

Accelerating the generation and discovery of high-performance donor
materials for organic solar cells by deep learning
Jinyu Sun, Dongxu Li, Yue Wang, Ting Xie, Yingping Zou, Hongmei Lu *and Zhimin Zhang *

College of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China

y

* Corresponding author E-mail:  h ilu@csu.edu.cn;zm: dcsu.edu.cn

Figure S1. The architecture of quantum deep field in DeepDonor. ................cc.ccoceoviniinnninicncneenee 3
Figure S2. The results of hyperparameter optimization on the validation set. The selection of learning

rate on the SM (a) and PM (b) datasets. The selection of numbers of hidden layers on the SM (c) and PM (d)

datasets. The selection of optimizers on the SM (e) and PM (f) datasets............ccceveeruereeneinenecnecincnecnnes 4
Figure S3. The learning curves of QDF-SM. The loss (a) and MAE (b) curves of HK-DNN of QDF-SM.

The loss (c) and MAE (d) curves of PCE-DNN of QDF-SM. .......cccoceiiiimiiiniiiinieincieenecnceeseeeeieeee e 5
Figure S4. The learning curves of QDF-PM. The loss (a) and MAE (b) curves of HK-DNN of QDF-PM.

The loss (c) and MAE (d) curves of PCE-DNN of QDF-PM. .......cccoccoiiimiiimiiiiniiniiecnetneeeneeeeeneee e 6
Figure S5. The UMAP low dimensional embedding of the training and test sets of SM (a) and PM (b)

datasets. (c) The absolute error distribution of the test sets...............c.cccooiiiniiniininieieeee 6
Table S1. Descriptors used for screening donor materials. ..............c.c.cccoiiiiiiniininiininnncceeee 7
Table S2. Prediction results of different methods on the test sets...................cocccviviiniinnniniinneene 7
Table S3. The evaluation metrics of molecules generated by VAE...............c.cccccoiviiniininnininncnenee 7
Table S4. The repeat unit of candidate polymer Structures ..................cccoeevevineinineinecineneeneeeeneeees 8
Table S5. The detailed properties of selected candidates....................ooccriiiiiiniiniininiiniceene 11
Table S6. Electrochemical properties of the candidates. ...................occoiiiiniiniininiccee 11
Table S7. New small molecule donor materials collected from literature to the end of 2021 ................ 12
Table S8. New polymer molecule donor materials collected from literature to the end of 2021 ........... 14
Table S9. The structures and appearance times of cores and side-chains .................c...ccocooniinn. 15
Table S10. New small molecule donor materials collected from literature from 2022 and 2023............ 17
Table S11. New polymer molecule donor materials collected from literature from 2022 and 2023......18
Supplementary NOTE 1.........cccoiiiiiiiiiiii e 20
RETEICIICES. ...ttt s 21



&% QDF-SM

—

—/

PCE-DNN

Atoms +Coordinate
) 2
Atomic wave function
> —>
- Molecular orbitals
=
=] g Y
8 Electron density Fully connected layer
3
-
=] 1
- <
Z,
Z,
Gaussian external PCE
potential

Figure S1. The architecture of quantum deep field in DeepDonor.
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Figure S2. The results of hyperparameter optimization on the validation set. The selection of learning rate on
the SM (a) and PM (b) datasets. The selection of numbers of hidden layers on the SM (c) and PM (d) datasets. The
selection of optimizers on the SM (e) and PM (f) datasets.
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Figure S3. The learning curves of QDF-SM. The loss (a) and MAE (b) curves of HK-DNN of QDF-SM. The
loss (¢) and MAE (d) curves of PCE-DNN of QDF-SM.
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Figure S4. The learning curves of QDF-PM. The loss (a) and MAE (b) curves of HK-DNN of QDF-PM. The
loss (¢) and MAE (d) curves of PCE-DNN of QDF-PM.
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Table S1. Descriptors used for screening donor materials.

Descriptor Description Values
MolLogP Wildman-Crippen LogP value 8.7~40.7
MolWt The average molecular weight of the molecule 485~1967
NOCount The number of Nitrogens and Oxygens 0~6
NumHAcceptors The number of Hydrogen Bond Acceptors 3~15
NumHDonors The number of Hydrogen Bond Donors 0~2
NumHeteroatoms The number of Heteroatoms 5~18
NumRotatableBonds The number of Rotatable Bonds 13~55
RingCount Ring count 2~13
NumAromaticHeterocycles The number of aromatic heterocycles 0~11
NumAromaticRings The number of aromatic rings for a molecule 0~12
SAscore Synthetic accessibility 0~7.5
SCScore Synthetic complexity <4.999
DeepChemStable Compound stability 0~0.98
DeepDonor PCE >9
Table S2. Prediction results of different methods on the test sets

Data Model r R? MAE Accuracy
Small DeepDonor 0.82 0.65 1.67 0.70
Molecule GNN 0.66 0.61 2.05 0.59

ANN 0.63 0.37 2.20 0.57

RF 0.76 0.58 1.81 0.69

GB 0.64 0.40 227 0.56
Polymer DeepDonor 0.77 0.59 1.59 0.73
Molecule GNN 0.71 0.42 1.70 0.71

ANN 0.48 0.11 2.28 0.63

RF 0.74 0.54 1.63 0.71

GB 0.65 0.38 1.85 0.68

Table S3. The evaluation metrics of molecules generated by VAE.

Metrics Validity? Uniqueness? Novelty? IntDiv? FCD|
Values 1 0.888 1 0.961 0.195
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Table S5. The detailed properties of selected candidates.

Descriptor Candidate 1 Candidate 2

MolLogP 28.35 33.79

MolWt 1406.0 1658.4

NOCount 3 4

NumHAcceptors 10 10

NumHDonors 0 0

NumHeteroatoms 16 17

NumRotatableBonds 32 45

RingCount 11 11

NumAromaticHeterocycles 8 7

NumAromaticRings 11 11

SAscore 6.34 7.14

SCScore 4.99 4.99

DeepChemStable 0.968 0.968

DeepDonor 12.55 18.60

Table S6. Electrochemical properties of the candidates.
Eynomo (€V) Epymo (eV) E,“(eV)
Candidate 1 -5.57 -3.58 1.99
Candidate 2 -5.59 -3.52 2.07

Candidate 1-1F -5.58 -3.52 2.06
Candidate 1-0F -5.49 -3.44 2.05
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Table S7. New small molecule donor materials collected from literature to the end of 2021

Index Voc Jsc FF PCE HOMO LUMO NAME Reference
1 0.804 21.71 60.95 10.64 -5.021 -2.816 BTEC 1
2 0.87 21.21 61.35 11.33 -5.109 -2.853 BTEC-F 1
3 0.854 21.55 72.35 13.34 -5.116 -2.855 BTEC-2F 1
4 0.94 17.5 70.1 11.5 -5.36 -3.64 P2TBR 2
5 0.86 24.17 0.655 13.61 -5.46 -3.7 BTR-CI 3
6 0.85 22.25 0.564 10.67 -5.34 -3.53 BTR 3
7 0.88 15.37 66.56 8.85 -5.05 -33 BDT-RO 4
8 0.81 222 0.608 10.9 -5.23 -3.59 FYSM-H 5
9 0.85 22.54 62.35 11.95 -5.37 -3.57 s35 6
10 0.97 14.86 0.63 9.03 -5.41 2.9 BER6 7
11 0.96 11.1 0.51 5.52 -5.44 -2.99 BECN 7
12 0.87 22.5 0.69 13.35 -5.41 -3.57 BT-RO-Cl1 8
13 0.87 22.93 0.7 13.9 -5.41 -3.58 BT-Reh-ClI 8
14 0.88 21.6 0.626 11.4 -5.29 -3.43 P-PHS 9
15 0.84 25.4 0.756 15.9 -5.34 -3.42 M-PHS 9
16 0.819 20.32 0.506 8.42 -5.39 -2.79 SM1-EH 10
17 0.766 22.39 0.684 11.73 -5.12 -2.8 SM1-Oct 10
18 0.829 17 0.413 5.82 -5.14 -3.44 3BDT-4 11
19 0.84 21.3 0.581 10.4 -5.15 -34 3BDT-5 11
20 1.057 15.07 0.568 9.05 -5.64 -3.61 DRTB-CT 12
21 0.85 22.3 0.69 13.1 -5.41 -3.5 TBD-S2 13
22 0.859 27.46 74.11 17.38 -5.5 -3.36 BTBR-2F 14
23 0.865 21.8 0.583 11 -5.59 3.69 B3T-T 15
24 0.813 25.6 0.717 14.9 -5.26 -3.65 B3T-P 15
25 0.88 232 0.68 13.9 -5.58 -3.59 BTTZR 16
26 0.849 21.77 | 0.6774 12.53 5.29 -3.13 FBD-S3 17
27 0.854 24.53 0.721 15.1 -5.31 -3.14 TBD-S4 17
28 0.969 17.24 0.64 10.76 -5.64 -3.61 DRTB-FT 18
29 0.885 19.78 0.688 12.02 -5.56 -3.6 ZR1-S-CL 19
30 0.774 24.5 0.726 13.76 -5.17 -3.43 BDTT-TR 20
31 0.805 23.59 0.67 12.72 -5.25 -2.78 SM1 21
32 0.825 23.23 0.677 12.94 -5.32 -2.81 SM1-S 21
33 0.866 23.25 0.699 14.07 -5.37 -2.81 SM1-F 21
34 0.865 20.1 0.713 12.4 -5.58 -3.39 BSCL-C2 22
35 0.865 21.5 0.7 13.03 BSCL 23
36 0.94 16.69 0.58 9.11 -5.44 -3.53 BDTF-CA 24
37 0.83 25.27 0.73 15.3 -5.37 -3.51 Bl 25
38 0.861 24.34 68.44 14.34 -5.32 -3.53 ZR1 26
39 0.85 23.16 0.7 13.69 -5.59 -3.61 BSFTR 27
40 0.83 19.69 0.68 11.19 -6 -1.96 2CL7T 28

11




Continued Table S7

41 0.84 18.6 0.599 9.4 -5.27 -34 SE-1 29
42 0.87 19.42 0.612 10.3 -5.12 -3.44 SE-2 29
43 0.848 21.35 0.6512 11.79 -5.36 -3.55 ZR2-C1 30
44 0.852 23.03 0.6543 12.84 -5.35 -3.51 ZR2-C2 30
45 0.854 24.69 0.7 14.78 -5.34 -3.5 ZR2-C3 30
46 0.939 17.3 0.632 10.1 -5.43 -3.39 H13 31
47 0.943 18.3 0.7 12 -5.46 -3.47 H14 31
48 0.83 23.1 0.56 10.8 -5.4 -3.27 BOHTR 32
49 0.84 21.5 0.68 123 -5.36 -3.24 BIHTR 32
50 0.853 22.38 0.72 13.8 -5.4 -3.4 BT-2F 33
51 0.81 24.55 0.63 12.45 -5.05 -2.68 SM-DTBDT 34
52 0.84 21.63 0.588 10.68 -5.1 -2.7 SM-BDT 34
53 0.851 21.23 0.7256 13.1 -5.21 -3.55 SM8 35
54 0.837 19.2 0.659 10.5 -5.23 -3.57 SM12 35
55 0.88 232 0.68 13.9 -5.58 -3.59 SL1 36
56 0.89 21.6 0.6 11.5 -5.6 -3.62 SL2 36
57 0.88 21.6 0.67 12.7 -5.58 -3.6 SL3 36
58 0.87 23 0.62 12.4 -5.57 -3.57 SL4 36
59 0.784 24.59 0.7278 14.03 -5.17 -3.43 TBFT-TR 20
60 0.95 15.72 0.626 10.4 -5.4 -3.24 DRTT-R 37

12




Table S8. New polymer molecule donor materials collected from literature to the end of 2021

ID | PCE Voc Jsc FF HOMO LUMO NAME Reference
1 15.55 0.844 26.02 0.71 -5.55 -2.91 PBQ5 38
2 17.62 0.851 26.58 0.78 | -5.64 -3.18 PBQ6 38
3 7.16 0.82 13.76 0.64 | -5.24 -3.55 PDTBDT-SBTEH 39
4 8.61 0.94 13.81 0.66 | -5.43 -3.67 PDTBDT-SFBTEH 39
5 11.47 0.9 21.86 0.59 | -5.6 -3.49 PBDTT2CI 40
6 17.1 0.87 27.7 0.71 -5.47 -3.48 PBDTTICI 40
7 10.9 0.92 17.5 0.68 | -5.52 -3.65 PBSF-A12 41
8 13.4 0.92 20.5 0.71 -5.5 -3.59 PBSF-D12 41
9 16.1 0.88 252 0.72 PBNT-BDD 42
10 | 8.22 0.895 17.18 0.54 | -5.67 -3.28 PDTBDT 43
11 | 12.71 0.78 2421 0.66 | -54 -3.21 PDTBDT-T 43
12 | 15.63 0.86 24.46 0.72 | -5.58 -3.26 PDTBDT-T-CI 43
13 | 11.5 0.87 18.83 0.70 | -5.5 -3.74 PV2TC-BDD 44
14 | 8.56 0.71 20.49 0.59 | -5.35 -3.56 PV2TC-FTAZ 44
15 | 5.89 0.86 13.87 0.49 | -4.34 -2.16 PvBDT-F 45
16 | 7.76 0.9 15.04 057 | -44 -2.24 PvBDT-Cl1 45
17 | 171 0.85 272 0.74 | -5.58 -3.66 PBCT-2F 46
18 | 17.21 0.85 25.81 0.79 | -5.44 -3.47 D18 47
19 | 17.97 0.87 26.83 0.77 | -5.46 -3.49 D18-Cl 47
20 | 10.08 1.11 13.68 0.66 | -5.35 -3.54 PE31 48
21 | 74 1.1 11.65 0.58 | -5.22 -3.3 PE32 48
22 | 8.99 1.16 12.68 0.61 -5.42 -3.55 PE33 48
23 | 8.64 1.21 11.36 0.63 | -5.46 -3.58 J52-CL 48
24 1 9.7 0.9 16.1 0.67 | -5.66 -3.88 PM6F 49
25 | 153 0.92 21.2 0.79 | -5.6 -3.52 PFBCPZ 50
26 | 12.81 0.89 19.91 0.72 | -5.33 -3.43 PFBDT-8ttTPD 51
27 | 15.05 0.84 24.99 0.72 | -5.46 -3.57 PCIBDT-8ttTPD 51
28 | 13.1 0.88 20.5 072 | -54 -3.6 PBDB-T-SF 52
29 | 11.62 0.73 21.63 0.74 | -5.35 -3.43 P4AT2F-HD 53
30 | 16.32 0.88 24.79 0.75 | -5.52 -2.76 PTQL11 54
31 | 1345 0.81 25.83 0.64 | -5.38 -3.14 PBQ7 55
32 | 16.34 0.85 25.77 0.75 | -5.47 -2.89 PBQ510 55
33 | 15.1 0.83 239 0.76 | -5.48 -3.68 PBTT-F 56
34 | 7.58 0.865 12.4 0.71 -5.37 -3.63 PBNS 57
35 | 14.86 0.83 25.36 0.68 | -5.51 -3.64 PBDT-F 58
36 | 15.63 0.85 25.69 0.71 -5.53 -3.64 PBDT-C1 58
37 | 11.58 0.74 2491 0.63 | -5.35 -3.48 PBDT-H 58
38 | 14.35 0.915 22.56 0.70 | -5.43 -3.54 PBDT-ST 59
39 | 13.72 0.896 22.67 0.68 | -5.47 -3.57 PNDT-ST 59
40 | 11.39 1.01 17.89 0.63 | -5.6 -3.65 P1 60
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Table S9. The structures and appearance times of cores and side-chains

Dataset Structure  Substructures and the appearance times

PM cores
side-
PM
chains
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Continued Table S9

SM cores
side-
SM
chains
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Table S10. New small molecule donor materials collected from literature from 2022 and 2023.

Name HOMO LUMO Voc Jsc FF PCE Reference
W2-CA -5.17 -3.53 0.83 25.19 76.8 16.06 61
W2-Reh -5.16 -3.48 0.826 25.31 74.8 15.63 61
BBTSM-1 —5.58 -3.51 0.87 21.6 63 11.8 62
Tz6T-iP -5.29 —3.64 849.1 25.55 72.49 15.7 63
Tz6T-P —5.37 -3.76 876.1 24.83 67.4 14.7 63
MPhS-C2 0.867 24.42 74.08 15.67 64
MPhS-Ph 0.859 23.63 72.75 14.77 64
CBTSeEHR | —5.45 -3.61 0.881 18.76 0.732 12.1 65
BTEHR-CTb | —5.56 —3.47 0.908 17.43 0.685 10.84 65
CBTSeHR —5.47 -3.62 0.871 15.28 0.698 9.3 65
C3-CN —5.38 -3.42 1.05 20.54 0.68 14.62 66
C3 -5.28 -3.09 0.96 18.41 0.62 10.85 66
SM-REH 0.85 25.42 72.4 15.6 67
SM-EH-R 0.85 23.73 71.3 14.4 67
SM-R 0.86 24.64 66.2 14 67
SM-EH-R 0.85 21.96 63.4 11.9 67
DRTT-6Se —5.54 —3.44 0.85 25.29 69.9 15.03 68
DRTT-2Se -5.51 -3.46 0.85 25.18 68.8 14.79 68
DRTT-T —5.57 -3.36 0.85 24.85 62.9 13.37 68
As-TCp -5.30 —2.78 0.873 24.45 74.9 16.46 69
S-TCp —5.27 -2.76 0.87 23.88 73.83 15.77 69
S-BF -5.32 —2.80 0.868 2291 69.39 14.92 69
SM-s-Bu —5.24 -3.53 0.841 25.18 74.34 16.06 70
SM-n-Bu -5.19 -3.61 0.83 2475 72.12 15.12 70
BTEHR-CT | -5.56 -3.47 0.946 17.05 0.69 11.13 71
a-BTR-H4 —-5.30 —3.54 0.815 24.8 53.5 11.36 72
SW2 —5.47 —3.45 0.835 74 25.1 15.51 73
SW1 -5.42 -3.43 0.806 63.8 25.09 12.9 73
TBCA-C4 -5.49 -3.46 0.933 15.43 0.64 9.21 74
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Table S11. New polymer molecule donor materials collected from literature from 2022 and 2023.

Name HOMO | LUMO | Voc Jsc FF PCE Reference
PBT —5.45 -3.37 0.79 25.6 63.3 12.90 75
PiBT —5.53 -3.17 0.87 28.2 77.3 19.00 75
PTO-HD -5.51 —3.58 0.806 23.24 74.19 13.89 76
PTO-BO —5.47 -3.61 0.799 22.74 67.67 12.29 76
PQx4T-2F —=5.40 -3.45 0.84 25.78 73.65 15.95 77
PQx4T —=5.30 -3.35 0.82 24.82 65.37 13.30 77
PBDTF-ttPTZ 0.715 23.87 65.60 11.03 78
PJ-1 —5.54 -3.54 0.864 66.1 26.08 15.01 79
PBTID -5.53 -3.54 0.87 26.1 69.6 15.80 30
PDTBTBz-2F -5.56 -3.64 0.87 21.69 65.5 12.37 81
PDTBTBz-2H -5.42 -3.45 0.77 21.82 57.6 9.73 81
PBDT-PiQ =5.40 -3.34 0.85 20.82 63.51 11.28 82
PNDT2 0.861 26.33 80 18.13 83
PNDTI1 0.865 25.85 77.2 17.27 83
PBN-SBO -5.39 —3.58 0.851 25.84 73.8 16.22 84
PBN-S —5.33 —3.48 0.848 24.71 61.4 12.86 84
PZ2 -5.48 -3.69 0.817 60.01 22.88 11.21 85
PZ3 -5.5 -3.68 0.83 60.5 21.44 10.77 85
Z4 -5.59 -3.41 0.807 26.27 71.06 15.12 86
Z3 -5.42 -3.38 0.798 20.07 66.71 10.68 86
PBDQx-B-Cl —5.64 -3.93 0.85 24.84 68.33 14.49 87
PTzBTE -5.47 -3 0.87 23.8 72 14.90 88
P3 —5.38 -3.51 0.742 22.8 74.3 12.56 89
Pl —5.41 -3.49 0.766 18.12 73.72 10.37 89
P(TPTI-BDT) —=5.30 -3.26 0.86 20 70 11.70 90
P(2DTP-BDT) | —5.35 -3.38 0.93 15.8 68 9.20 90
PSe-HD -5.50 -3.49 0.852 25.76 67.66 14.85 91
PSe-BO —5.45 -3.29 0.845 23.63 65.48 13.07 91
PM6-F -5.62 -3.74 0.93 21.71 66.56 13.44 92
PENT-CI -5.51 -3.53 0.842 26.03 80 17.53 93
PTTB-F 0.882 26.56 77.08 18.06 94
PTTB-H 0.827 24.49 65.88 13.34 94
PBDF-TF-BTz 0.857 24.8 77.78 17.01 95
BDF-dT-BTz 0.852 24.32 75.21 16.03 95
PBDF-dF-BTz 0.863 23.08 74.42 15.59 95
J52-FTh —5.51 —3.68 0.92 21.29 68 13.32 96
PNTB-HD 0.854 26.88 79 18.15 97
PNTB-2T 0.841 26.07 76.5 16.77 97
PBTTz3Cl -5.56 -3.6 0.888 26.6 77.81 18.38 98
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Continued Table S11

PBTz-TC —5.47 —3.52 0.84 2091 72.69 12.81 99

PBTz-TTC -5.38 -3.51 0.84 18.47 614 9.52 99

PM7-F —5.65 -3.75 0.94 20.79 68.87 13.46 100
P126 -5.53 -3.35 0.89 23.52 72 15.07 101
P127 —5.47 —3.34 0.82 22.24 67 12.27 101
PBDT-2FBn —5.52 -3.50 0.858 18 60.2 9.30 102
L3 0.864 26.97 76.4 17.81 103
PNBTz1 -5.44 -5.288 0.85 24 72 14.00 104
PL2 -5.49 -3.98 0.69 233 62.66 10.12 105
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Supplementary Note 1

1. Device Fabrication

The OSC devices were fabricated with a structure of ITO/PEDOT:PSS/Photoactive layer/PFN-Br/Ag. The ITO
substrates (10 Q sq™') were cleaned by sequential ultrasonic treatment in detergent, deionized water, and isopropanol.
Then, the dried ITO substrates were treated with an ultraviolet-ozone chamber for 25 min. A thin layer of PEDOT:
PSS was prepared on precleaned ITO glass through spin-coating a PEDOT: PSS aqueous solution (Heraeus-Clevios
PVP Al4083 from Xi'an Polymer Light Technology Corp. (China)) at 5000 rpm and baked subsequently at 140°C
for 15 min in the air. The substrates were then transferred into an Nj-filled glovebox. A blend solution was prepared
by dissolving the polymer donor and acceptor in chloroform with the same optimal donor/acceptor (D/A) weight
ratios of 1:1.2 for blends with a total concentration of 16 mg/mL with 0.35% DIO by volume, and then the blend
solution was spin-coated at 2500 rpm onto the PEDOT: PSS layer. After spin-coating, the active layers were annealed
at 95°C for 10 min. Then, the methanol solution of PFN-Br at a concentration of 0.5 mg mL" is spin-coated at 3000
rpm to afford a cathode buffer layer. Finally, cathode metal Ag was deposited. The photoactive layer effective area

of the device was 4.8 mm?2.

2. Synthesis of monomers and polymers

(a)
R R F X O-R
X4 o = N F R Xz
R S A —
\
o ST\ X2
= s N Pb(PPh;),
—_—
Me)3S Sn(M
N/ \N +  (Me)sSn \ s n(Me)s Toluene
Br
S
[ N 7 s
s = R=
Br F F F R Candidate 1 X;=F,X;=F
laX;=H,X,=H Candidate 1-1F X, = F, X, = H F R
IbX,=F,X,=H Candidate 1-0F X, = H, X, =H
1 Ie X,=F,X,=F 2
(b)
R R F R K O-R
I, - O O
R S A
) § I
s Pb(PPhs),
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S
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4 5 6

Figure S6. Synthetic route of the (a) Candidate 1 and (b) candidate 2.
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Candidate 1, 1-OF and 1-1F have been published in our recent work.!1%]

Candidate 1-0F: 1a (129 mg, 0.145 mmol), :4,8-Bis-[5-(2-ethyl-hexyl)-4-fluoro-thiophen-2-yl]-2,6-bis-
trimethylstannanyl-1,5-dithia-s-indacene (136.8 mg, 0.145 mmol), and Pd(PPh3)4 (4.2 mg, 0.004 mmol) were
dissolved in 10 mL toluene and refluxed for 36h. After cooling down to room temperature, the mixture was poured
into the 100 mL methanol and then stirred for 0.5h. Whereafter the precipitate was collected and extracted in the
order of methanol, hexane, acetone, and chloroform. Subsequently, the polymer solution was removed chloroform
solvent by rotary evaporation to obtain atropurpureus lamellar solid Candidate 1-0F (129 mg, 67 %)).

Candidate 1-1F and Candidate 1 were obtained with compound 1b (0.162 g, 0.179 mmol) and 1¢ (0.156 g, 0.169
mmol) following the general procedure described above. (Atropurpureus lamellar solid, 172 mg, 71 % and 183 mg,

78 %), respectively.

Candidate 2 :4 (137.8 mg, 0.145 mmol), :5 (4,8-Bis-[5-(2-ethyl-hexyl)-4-fluoro-thiophen-2-yl]-2,6-bis-
trimethylstannanyl-1,5-dithia-s-indacene) (136.8 mg, 0.145 mmol), and Pd(PPh;)4 (4.2 mg, 0.004 mmol) were
dissolved in 10 mL toluene and refluxed for 24 h. After cooling down to room temperature, the mixture was poured
into the 100 mL methanol and then stirred for 0.5h. Whereafter the precipitate was collected and extracted in the
order of methanol, hexane, acetone, and chloroform. Subsequently, the polymer solution was removed chloroform

solvent by rotary evaporation to obtain atropurpureus lamellar solid Candidate 2 (140 mg, 68 %).
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