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Figure S1. The molecular structures of PM6, Y6, AQx-2, Y6-T, Y6-2T, Y6-O, Y6-
10 and Y6-20. The atomic serial numbers are labeled in order to give geometrical
parameters.
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Figure S2. The comparisons of HOMO, LUMO, gap energy of Y6, AQx
-2, Y6-10 and Y6-20 between the experiment and calculation.
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Figure S3. Selected frontier molecular orbitals for the PM6, Y6, AQx-2, Y6-T, Y6-
2T, Y6-0, Y6-10 and Y6-20. (H=HOMO, L = LUMO; LC-PBE/ CEP-121G¥*).
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Figure S4. The charge density difference low-lying excited states for PM6 and NFAs
Y6, AQx-2, Y6-T, Y6-2T, Y6-O, Y6-10 and Y6-20. The red and blue areas indicate
the increase and decrease of electron density during excitation, respectively. The Ad
represent charge transfer distance. The Aq;, Aq, and Aqs represent the transferred
charges from the donor fragment to the acceptor fragment, from the donor fragment to
the thiophene fragment and from the thiophene fragment to the acceptor fragment,
respectively. (LC-PBE/CEP-121G*).
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Figure S5. Selected frontier molecular orbitals for seven complex molecules. (H =
HOMO, L = LUMO, LC-PBE/ CEP-121G¥*).
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Figure S6. The charge density difference of the excited state of the complex. The red
and blue areas indicate the increase and decrease of electron density during the
excitation process. Ad represent the charge transfer distance. Aq represent the amount
of charge transfer from the donor to acceptor.



Table S1. The selected bond length (in A), bond angles and dihedral angles (in°) for
the optimized eight monomers in the gas phase. (#1B97XD/CEP-121G*).

Definition Bond Definition Bond Definition Dihedral
length ngles angles
PM6
38-47 1.512 38-47-48 114.5 27-26-29-30 -149.7
47-48 1.563 39-40-45 120.6 26-27-34-41 -15.0
40-45 1.512 40-45-46 116.8 24-28-37-42 16.3
45-46 1.555 35-34-41 122.9 36-30-45-46 122.4
34-41 1.228 36-37-42 124.0 35-38-48-47 -113.8
37-42 1.227 27-26-29 134.2 21-22-24-28 -138.9
26-29 1.471 22-24-28 130.4 23-19-12-75 143.4
22-24 1.470 12-19-23 117.5 5-1-6-7 -129.3
12-19 1.466 19-12-75 122.4 1-2-3-76 -177.8
1-6 1.483 1-6-11 121.6 5-4-43-44 62.4
3-76 1.355 2-1-6 127.8 8-9-14-15 60.7
4-43 1.511 2-3-76 120.9 10-9-14-18 64.2
43-44 1.549 3-4-43 127.1 14-15-14-77 -178.8
9-14 1.483 4-43-44 117.6 16-17-49-50 107.9
16-77 1.353 8-9-14 120.4 18-17-49-50 -68.7
17-49 1.508 9-14-15 127.5 72-13-109-108 146.5
49-50 1.552 15-16-17 121.2  107-106-103-104 -153.7
13-109 1.465 16-17-49 128.3  103-104-111-118 -16.7
103-106 1.469 17-49-50 113.8  101-105-114-119 16.5
111-118 1.229 74-13-109 120.3  112-115-124-125 90.1
114-119 1.227 110-106-103  125.1  113-117-122-123 121.1
115-124 1.512 104-111-118  122.4 98-99-101-102 52.1
124-125 1.563 105-114-119  121.4 97-96-89-149 143.3
117-122 1.511 115-124-125 114.6 84-83-78-82 -129.4
122-123 1.557 117-122-123  116.5 78-79-80-153 -177.8
99-101 1.470 105-101-99 130.0 82-81-120-121 62.7
89-96 1.467 89-96-97 131.6 86-86-91-92 65.0
86-91 1.484 87-86-91 122.1 85-86-91-95 -113.6
93-154 1.354 86-91-92 127.6 91-92-93-154 -178.7
94-126 1.508 92-93-154 121.2 93-94-126-127 109.1
126-127 1.552 94-126-127 113.6 80-81-120-121 -125.0
78-83 1.483 78-83-84 121.9 120-81-80-153 5.6
80-153 1.355 79-80-153 120.9 79-78-83-88 -129.2
81-120 1.511 81-120-121 117.6
120-121 1.549
Definition Bond Definition Bond Definition Dihedral
length angles angles
Y6
35-48 1.341 29-33-54 128.7 48-35-36-49 -0.0




36-49 1.341 29-30-52 128.2 32-33-54-60 179.2
33-54 1.378 20-28-29 134.4 33-29-28-20 -179.7
30-52 1.224 19-20-28 127.3 28-29-30-52 1.3
60-61 1.162 3-10-58 124.7 19-20-28-29 -2.6
62-63 1.161 2-15-56 127.2 17-21-78-77 -90.9
28-29 1.381 99-59-101 112.3 19-16-11-10 0.6
20-28 1.427 93-57-95 111.0 2-3-10-58 -37.4
21-78 1.511 23-89-88 122.5 3-2-15-56 -30.5
10-58 1.483 26-38-39 134.4 15-14-24-27 1.0
15-56 1.480 39-43-53 128.2 22-23-25-89 -3.6
26-38 1.426 39-40-55 128.7 26-38-39-40 179.2
38-39 1.381 41-40-55 124.2 38-39-43-53 0.9
43-53 1.224 44-45-50 119.5 39-40-55-64 179.9
40-55 1.378 47-46-51 120.6 39-43-42-47 179.9
64-65 1.161 64-55-66 112.6 40-41-44-45 -179.9
66-67 1.162 14-24-27 136.3 50-45-46-51 -0.0
45-50 1.341 11-16-19 136.2 9-6-1-13 5.4
46-51 1.341 60-54-62 112.6 7-5-4-12 6.0
55-64 1.441 59-101-100 114.5 3-10-58-59 -87.5
55-66 1.440 57-95-94 115.5 2-15-56-57 -85.6
25-89 1.511 59-99-98 115.7 18-17-16-19 179.9
21-78 1.511 57-93-92 114.4 22-23-24-27 -179.6
54-60 1.440 2-15-56 127.2
54-62 1.441
Definition Bond Definition Bond Definition Dihedral
length angles angles
AQx-2
32-45 1.341 32-33-46 118.3 45-32-33-46 -0.0
33-46 1.342 33-32-45 118.8 31-28-27-49 0.0
27-49 1.224 26-30-51 128.8 29-30-51-61 179.5
30-51 1.378 61-51-63 112.5 26-30-51-63 179.7
61-62 1.162 26-27-49 128.2 30-51-61-62 -176.5
63-64 1.161 17-25-26 134.5 27-26-25-17 -0.7
25-26 1.382 14-18-79 122.6 25-17-18-79 2.7
17-25 1.426 3-7-55 124.4 17-18-79-78 82.2
18-79 1.511 7-55-56 113.8 16-13-8-7 0.3
7-55 1.483 2-12-53 127.0 2-3-7-55 -38.4
12-53 1.479 12-53-54 114.7 3-2-12-53 -32.0
22-90 1.511 20-22-90 122.5 35-23-22-90 3.1
23-35 1.426 23-35-36 134.5 23-35-36-37 179.6
35-36 1.382 36-40-50 128.2 35-36-40-50 1.0
40-50 1.224 65-52-67 112.6 36-37-52-67 -0.6
37-52 1.378 36-37-52 128.7 37-52-67-68 -172.9
65-66 1.161 38-37-52 124.1 37-52-65-66 -178.5




67-68 1.162 42-43-48 118.8 41-38-37-52 0.8
42-47 1.341 43-42-47 118.3 47-42-43-48 -0.0
43-48 1.341 22-90-89 111.3 23-22-90-89 82.3
55-56 1.546 100-56-102 112.2 12-53-54-96 -177.2
53-54 1.546 94-54-96 111.1 7-55-56-100 53.9
3-7 1.396 2-3-7 130.7
2-12 1.392
Definition Bond Definition Bond Definition Dihedral
length angles angles
Y6-T

45-61 1.341 45-46-62 118.7 61-45-46-62 0.0
46-62 1.341 46-45-61 118.3 44-39-40-41 -0.2
40-41 1.223 39-40-41 125.3 37-42-104-105 178.8
37-42 1.375 36-37-42 128.5 37-42-106-107 178.2

104-105 1.161 104-42-106 112.8 34-33-35-36 -0.0

106-107 1.162 33-35-36 133.7 22-23-26-34 -27.5
35-36 1.376 23-26-34 121.8 19-20-22-91 1.6
33-35 1.433 11-21-24 137.4 7-3-2-12 -12.9
23-26 1.462 20-22-91 123.1 2-12-27-28 91.1
12-27 1.483 22-91-90 113.4 3-7-29-30 -84.2
27-28 1.545 2-12-27 123.4 15-14-18-80 0.6
7-29 1.478 3-7-29 126.8 18-17-25-47 -28.5
29-30 1.546 14-18-80 123.1 49-48-51-52 179.8
22-91 1.511 18-80-79 113.0 51-52-53-68 0.1
18-80 1.511 17-25-47 121.7 57-54-53-68 -0.2
17-25 1.462 48-51-52 133.7 56-69-108-109 178.0
48-51 1.433 52-53-68 128.1 56-69-110-111 179.2
51-52 1.376 52-56-69 128.1 63-58-59-64 0.0
53-68 1.224 108-69-110 112.8 14-18-80-79 -91.8
56-69 1.375 58-59-64 118.3 20-22-91-90 -92.5

108-109 1.162 59-58-63 118.7 16-17-25-47 151.3

110-111 1.161 95-28-97 112.1 24-23-26-34 152.6
58-63 1.341 101-30-103 110.8
59-64 1.341

Definition Bond Definition Bond Definition Dihedral
length angles angles
Y6-2T

73-76 1.340 72-73-76 120.6 76-73-74-77 0.0
74-77 1.341 75-74-77 119.5 72-69-68-78 0.1
68-78 1.223 69-68-78 124.5 71-79-118-119 -177.0
71-79 1.375 70-71-79 124.2 71-79-720-721 -179.8

120-121 1.161 118-79-120 112.4 64-63-66-67 0.2

118-119 1.162 59-61-62 120.8 60-59-61-65 -163.7
66-67 1.376 60-59-61 121.0 16-17-25-60 130.6




63-66 1.437 17-25-60 121.7 25-17-18-90 2.1
59-61 1.461 16-17-25 117.5 15-14-13-16 -179.9
17-25 1.469 14-18-90 123.0 2-3-7-29 -33.0
7-29 1.477 3-7-29 126.5 3-2-12-27 -36.9
29-30 1.546 7-29-30 114.6 19-20-22-101 0.2
12-27 1.481 111-30-113 110.9 24-23-26-34 130.8
27-28 1.547 105-28-107 112.2 34-35-38-42 -165.8
18-90 1.511 2-12-27 124.0 40-41-43-44 -4.5

22-101 1.511 20-22-101 123.1 52-47-48-53 -0.5
23-26 1.469 22-23-26 129.5 45-54-114-115 -178.9
35-38 1.461 37-26-23 127.6 45-54-116-117 -177.9
41-43 1.437 34-35-38 120.9 55-50-51-56 -0.0
43-44 1.376 35-38-42 121.0 23-22-101-100 100.4
48-53 1.223 41-43-44 133.0 17-18-90-89 101.1
45-54 1.375 47-48-53 124.5 7-29-30-113 -177.1

114-115 1.161 46-45-54 124.2 12-27-28-107 -175.2

116-117 1.162 114-54-114 112.3 7-3-2-12 -12.8
50-55 1.341 55-50-51 118.3
51-56 1.340

Definition Bond Definition Bond Definition Dihedral
length angles angles
Y6-O

45-50 1.342 44-45-50 119.5 50-45-46-51 0.0
46-51 1.342 47-46-51 120.6 47-42-43-53 2.8
40-55 1.381 39-40-55 128.6 40-55-66-67 -179.0
64-65 1.162 64-55-66 112.5 40-55-64-65 179.0
66-67 1.162 26-38-39 133.8 27-26-38-39 -5.3
43-53 1.220 39-43-53 129.5 38-26-25-89 1.7
38-39 1.384 2-15-56 125.6 23-25-89-88 -94.5
26-38 1.408 15-56-57 113.1 22-23-24-27 -178.2
25-89 1.505 2-3-10 130.1 3-2-15-56 -35.6
15-56 1.484 3-10-58 117.9 2-15-56-57 -93.2
56-57 1.545 10-58-59 114.7 2-3-10-58 -31.0
24-27 1.333 17-21-78 122.6 3-10-58-29 -85.3
13-22 1.372 20-28-29 134.5 10-3-2-15 -12.7
10-58 1.480 29-30-52 128.1 18-17-16-19 -179.4
58-59 1.545 32-33-54 124.2 17-21-78-77 -93.9
12-18 1.751 60-54-62 112.6 21-20-28-29 179.0
16-19 1.731 34-35-48 120.6 28-20-21-78 3.1
21-78 1.511 37-36-49 119.5 28-29-30-52 0.7
28-29 1.381 25-89-88 111.8 33-54-60-61 -173.6
30-52 1.224 21-78-77 111.4 33-54-62-63 -178.4
33-54 1.377 93-57-95 112.4 48-35-36-49 -0.0
60-61 1.162 99-59-101 111.1 61-60-54-62 6.1




62-63 1.161 3-2-15 129.1 64-55-66-67 1.0
35-48 1.341 7-8-9 99.7
36-49 1.341
Definition Bond Definition Bond Definition Dihedral
length angles angles
Y6-10

35-38 1.342 34-35-38 119.5 38-35-36-39 -0.0
36-39 1.342 37-36-39 120.5 30-41-49-50 -167.2
33-40 1.226 31-30-41 124.4 30-41-47-48 -177.4
30-41 1.378 47-41-49 112.7 37-32-33-40 -0.4
47-48 1.162 29-33-40 128.2 26-28-29-33 -6.6
49-50 1.162 26-28-29 1334 24-23-25-42 -177.7
28-29 1.383 23-25-42 128.4 22-23-24-27 -177.6
26-28 1.418 25-42-84 119.3 3-2-15-43 -36.0
25-42 1.339 2-15-43 124.7 2-3-10-45 -30.4
15-43 1.483 15-43-44 113.6 18-17-16-19 -179.4
43-44 1.546 2-3-10 130.3 20-21-61-60 81.6
10-45 1.479 3-10-45 127.0  168-169-170-180 -0.1
45-46 1.546 10-45-46 114.6 21-20-168-169 179.5
21-61 1.511 21-61-60 111.6  173-181-182-183 -173.6
20-168 1.427 20-168-169 134.6  173-181-184-185 -177.8

168-169 1.380 171-170-180 1253  171-174-175-178 -179.9

170-180 1.223 172-173-181 1242 172-177-176-179 -180.0

182-183 1.162 182-181-184 1125  178-175-176-179 -0.1

184-185 1.161 174-175-178  120.6 10-3-2-15 -13.9

175-178 1.341 177-176-179  119.5

176-179 1.341

Definition Bond Definition Bond Definition Dihedral
length angles angles
Y6-20

35-48 1.342 34-35-48 120.6 48-35-36-49 -0.1
36-49 1.342 37-36-49 119.5 34-31-30-52 -0.1
30-52 1.226 32-33-54 124.3 33-54-62-63 -168.7
33-54 1.378 62-54-64 112.7 33-54-64-65 -176.6
62-63 1.162 31-30-52 125.3 19-20-28-29 -6.5
64-65 1.162 20-28-29 133.3 16-17-21-56 -177.1
28-29 1.383 17-21-56 128.5 17-21-56-103 -21.5
20-28 1.418 21-56-103 119.8 18-17-16-19 -178.4
21-56 1.338 11-10-60 119.7 10-3-2-15 -13.3
10-60 1.484 10-60-61 113.7 2-3-10-60 -36.9
60-61 1.546 79-61-81 112.3 3-2-15-58 -29.9
15-58 1.480 2-15-58 127.0 22-23-24-27 -177.9
58-59 1.546 73-59-75 111.1 23-25-57-92 -177.9
25-57 1.337 23-25-57 128.5 25-26-38-39 177.8




26-38 1.418 25-57-92 119.7 47-42-43-53 -0.2
38-39 1.384 26-38-39 133.4 40-55-66-67 -177.0
43-53 1.226 42-43-53 125.2 40-55-68-69 -170.9
40-55 1.378 40-41-44 131.8 50-45-46-51 -0.1
66-67 1.162 66-55-68 112.7 3-10-60-61 -87.5
68-69 1.162 44-45-50 119.5 2-15-58-59 -86.2
45-50 1.342 47-46-51 120.6

46-51 1.3420

Table S2. The absorption peak wavelength and energy of donor PM6 and acceptor Y6,
AQx-2, Y6-10, Y6-20.

Experiment (nm/eV) Theoretical (nm/eV) Difference (eV)
PM6 616.81/2.010 500.61/2.477 0.467
Y6 816.00/1.519 689.91/1.7971 0.278
AQx-2 830.00/1.494 684.43/1.8115 0.318
Y6-10 802.08/1.546 670.95/1.8479 0.302
Y6-20 811.43/1.528 647.64/1.9144 0.386

Table S3. Electronic transition energies (eV), excitation wavelengths (nm),
corresponding oscillator strengths (f), and main transition configurations for eight
monomer molecules. CT represent the charge transfer from the donor segment to the
acceptor segment. DLE and ALE represent the local excitation that occurs on the
donor segment and the acceptor segment. (In the solid phase, LC-PBE/CEP-121G*).

States Main transition configurations ESC E (eV/nm) f
PM6 (¥=0.118, 5=3.1, £d=3.0)
S2 H-1-L+1 (33%); HoL+1 (42%) CT 2.6692/464.5  0.1717
S3  H—-L+2 (56%); H—L+3 (11%) CT 2.7174/456.27  0.0218
S4  H-1-L (62%); H-1-L+2 (11%) CT 2.8403/436.52  0.1326
S5 H-1-L+1 (57%); HoL+1 (28%) CT 2.8805/430.42  0.0364
S6  H-3—L+3 (10%); H—L+2 (10%) CT&ALE  2.8936/428.48  0.1365
S8 H-3—L (36%); H-3—L+2 (19%); H-2—L+2 (15%) CT&LE  3.0747/403.24  0.0789
H—L+2 (10%)
S9  H-4—L+1 (17%); H-3—L+1 (12%) CT 3.1237/396.92  0.1437
S10  H-3—L+3 (23%) CT&LE  3.1377/395.14  0.1073
S12 H-1-L+2 (28%); H—L+4 (20%) CT&LE  3.215/385.65  0.1286
SI13 H-2—L+1 (17%); H-1-L+5 (24%) CT&DLE ~ 3.236/383.14  0.0727
S14  H—oL+4 (11%) LE 3.2437/382.23  0.0516
Y6 (0.118, £s=3.7, £d=3 5)
S3  H-1-L(92%) CT&DLE ~ 2.4228/511.74  0.0101

S4  HoL+2 (94%) CT
S5 HoL+3 (88%) CT

2.4296/510.31 0.0865
2.5196/492.08  0.1197



S6  H-1-L+1 (52%); H-3—L (44%) CT&DLE  2.5577/484.75  0.1023
S8 H-3—L (46%); H-1>L+1 (42%) CT&DLE  2.7737/447.00  0.0222
SI0  HoL+4 (77%); H-2—L+1 (20%) DLE 2.8802/430.47  0.0120
SI1  H-3—L+1 (85%) CT 2.9113/425.87  0.0134
SI12  H-1-L+2 (81%); H-3—L+3 (10%) CT 3.1043/399.40  0.0048
SI13  H-1-L+3 (73%); H-3—L+2 (18%) CT 3.1409/394.74  0.0484
S14  H-2—-L+2 (83%) CT 3.1840/389.40  0.0524
SI5  H-25L+3 (79%) CT 3.2625/380.03  0.0120
AQx-2 (0.118, &s=3.6, £d=3.5)
S3  H-1-L (94%) CT&DLE  2.3738/522.30  0.0101
S4  HoL+2(93%) CT 2.4398/508.17  0.0948
S5 H—oL+3 (45%); H-1->L+1 (32%); H-3—L (15%) CT&DLE  2.5214/491.73  0.1251
S6  H—oL+3 (44%); H-1>L+1 (33%); H-3—L (16%) CT 2.5239/491.24  0.1419
S8  H-3—L (64%); H-1->L+1 (31%) CT 2.7632/448.70  0.0021
SI0  H-3—L+1 (85%) CT 2.9029/427.10  0.0133
SI1  HoL+4 (94%) CT 2.9933/41421  0.0024
S12  H-15L+2 (84%) CT 3.0610/405.04  0.0037
SI3  H-1-L+3 (78%); H-3—L+2 (14%) CT 3.0976/400.26  0.0515
S14  H-25L+2 (83%) CT 3.1816/389.69  0.0591
SI5  H-2—L+3 (79%) CT 3.2543/380.99  0.0170
Y6-T (@=0.118, €5=3.7, €d4=3.5)
S2  H—oL+1 (98%) CT 1.7683/701.15  0.1657
S4  HoL+3 (94%) CT 2.2633/547.80  0.0090
S5 H-1-L (93%) CT&DLE ~ 2.3320/531.66  0.1190
S7  H-2—L (90%) CT 2.4763/500.68  0.0343
S8  H-2—L+1 (79%); H-3—L (11%) CT 2.5316/489.75  0.0143
S9  H—L+4 (88%) DLE&CT  2.6224/472.79  0.0636
SI0  H-3—L (77%); H-2—L+1 (13%) CT 2.7494/450.95  0.0536
SI1  H-3—L+1 (84%) CT 2.8016/442.55  0.0063
SI12  H-1-L+2 (81%) CT 2.8710/431.85  0.0018
SI13  H-1-L+3 (74%) CT 2.8987/427.72  0.0542
SI5  H-4—L+1 (79%) CT&DLE  3.0035/412.80  0.0224
Y6-2T (0.118, $5=3.8, €d=3.5)
S2 HoL+1 (97%) CT 1.6259/762.56  0.2180
S5 H—L+3 (81%); H-1-L (12%) CT 2.2171/559.22  0.0214
S6  H-1-L+1 (48%); HHL+2 (40%) DLE&CT  2.2214/558.14  0.2683
S7  H-2—L (88%) CT 2.4391/508.32  0.0206
S8  H-2—-L+1 (85%) CT 2.4499/506.08  0.0282
S10  H-3—L (70%); H-1->L+1 (11%) CT&DLE  2.5735/481.77 0.1381
SI1  H-3—L+1 (73%); H-1—-L (13%) DLE&CT  2.5844/479.74  0.1240
SI12  H-4—L (78%); H-4—L+1 (13%) CT 2.7102/457.47  0.0013
SI3  H-4—L+1 (68%); H-4—L (12%) CT 2.7246/455.05  0.0018
S14  H-1-L+2 (60%); H-3—L+3 (13%); H-4—L+1 (13%) CT&DLE  2.7343/453.44 0.0756
SI15  H-1-L+3 (67%); H-3—L+2 (16%) CT 2.7401/452.48  0.3334




Y6-0 (0.118, €5=3.7, £d=3.5)

S3  H—L+2 (86%) CT 2.4389/508.36  0.0632
S4  H-2—L (65%); H-1-L (27%) CT&DLE  2.4841/499.11 0.0374
S5 H—L+3 (51%); H-1-L (26%); H-2—L (15%) CT&DLE ~ 2.5289/490.27  0.0226
S8  HoL+4 (55%); H-2—L+1 (23%); H-1—>L+1 (15%) CT&DLE  2.8307/438.00 0.0274
S9  HoL+4 (42%); H-2—L+1 (35%); H-1—>L+1 (17%) CT&DLE  2.8770/430.95  0.0630

SI0  H-3—L (86%) CT&DLE  3.0419/407.59  0.0274

SI1  H-1-L+2 (76%) CT 3.1263/396.58  0.0494

SI12  H-2-L+2 (80%) CT 3.1768/390.28  0.0141

SI13  H-7-L (42%); H-7—L+1 (21%); H-7—L+3 (10%) CT&ALE  3.2129/385.89  0.0052

S14  H-35L+1 (64%); H-4—L (11%) CT&DLE  3.2731/378.80  0.0103

SI5  H-1-L+3 (42%); H-4—L (20%) CT&DLE  3.2879/377.09  0.0238

Y6-10 (0.118, £5=3.6, €d=3.5)
S3  H-1-L (35%); HoL+2 (30%); H-2—L (22%) CT&DLE  2.4591/504.19  0.0927
S4  H—L+2 (55%); H-1-L (20%); H-2—L (14%) CT&DLE  2.4629/503.41  0.0447
S7  H-3—L (40%); H-1-L+1 (27%); H-2—L+1 (14%) CT 2.6701/464.34  0.0508
S8  H-1-L+1 (57%); H-2—L+1 (19%); H-3—L (14%) CT&DLE  2.8008/442.67  0.1200
S9  H-2—L+1 (56%); H-3—L (33%) CT&DLE  2.8532/434.54  0.0339

SI0  HoL+4 (93%) CT&DLE  2.8789/430.67  0.0036

SI1  H-3-L+1 (77%) CT 3.0141/411.35  0.0456

SI12  H-1-L+2 (66%) CT 3.1109/398.55  0.0504

SI13  H-2-L+2 (70%) CT 3.1361/395.35  0.0144

S14  H-1-L+3 (73%) CT 3.1913/388.51  0.0045

SI5  H-4—L (84%) DLE&CT  3.2423/382.40  0.0280

Y6-20 (0.118, 85=3.6, €d=3.5)
S3  H-1-L (83%) DLE&CT  2.4845/499.03  0.1684
S4  HoL+2(85%) CT 2.4949/496.95  0.0585
S6  H-2—L (84%) DLE&CT  2.6555/466.90  0.1097
S7  H-3—L (48%); H-1->L+1 (29%); H-2—L+1 (12%) CT&DLE  2.6741/463.65 0.0431
S9  H—L+4(95%) CT&DLE  2.8818/430.23  0.0018

SI0  H-2—L+1 (68%); H-3—L (25%) CT&DLE  2.9318/422.89  0.0169

SI1  H-3—-L+1 (71%); H-1-L+2 (14%) CT&DLE  3.0263/409.69  0.0266

SI12  H-1-L+2 (68%); H-3—L+1 (11%) CT 3.0799/402.56  0.0125

SI13  H-1-L+3 (78%) CT 3.1567/392.77  0.0042

S14  H-2-L+2 (75%); H-3—L+3 (10%) CT 3.2507/381.41  0.0022

SI5  H-4—L (86%) CT&DLE  3.2630/379.97 0.0038




Table S4. The lowest singlet excitation energy Eg;(eV), the lowest triplet excitation

energy Er(eV), and singlet—triplet energy gap T1) for PM6 and

NFAs calculated at the given @ value (in Bohr!), static and dynamic dielectric
constants. (In the solid, LC-PBE/CEP-121G*).

molecule Egi Erq AE gy ) € €4
PMé6 24767 1.7650 0.7117 0.118 3.1 3.0
Y6 1.7971 1.3425 0.4546 0.118 3.7 3.5

AQx-2 1.8115 1.3557 0.4558 0.118 3.6 3.5
Yo6-T 1.6302 1.3090 0.3212 0.118 3.7 3.5
Y6-2T 1.5865 1.3563 0.2302 0.118 3.8 3.5
Y6-O 1.7783 1.2816 0.4967 0.118 3.7 3.5
Y6-10 1.8479 1.3812 0.4667 0.118 3.6 3.5
Y6-20 1.9144 1.4247 0.4897 0.118 3.6 3.5

Table S5. Electronic transition energies (eV), excitation wavelengths (nm),
corresponding oscillator strengths (f), and main transition configurations for eight
monomer molecules. CT represent the charge transfer from the donor segment to the
acceptor segment. DLE and ALE represent the local excitation that occurs on the
donor segment and the acceptor segment. (In the solid phase, LC-PBE/CEP-121G*¥).

States Main transition configurations ESC E (eV/nm)
PM6 (@=0.118, £5=3.1, €d=3.0)

Tl H—L (57%); H—L+4 (11%) LE 1.7650/702.45

T2 H-1-L+1 (20%); H-1—L+5 (21%) CT&DLE 1.9665/630.47

T3 H-3—L (13%); H—L+5 (12%) CT&ALE 2.0562/602.98

Y6 (@0=0.118, €5=3.7, ¥d=3.5)

Tl H—L (81%); H-2—L+1 (11%) DLE&CT 1.3425/923.53

T2 H—L+1 (58%); H-2—L (31%) DLE&CT 1.5480/800.93

T3 HoL+2 (41%); H-2—>L+1 (15%); H-4—L (15%) CT&DLE 2.0513/604.42
AQx-2 (@=0.118, &5=3.6, £d=3.5)

Tl H—L (81%); H-2—L+1 (12%) DLE&CT 1.3557/914.54

T2 H—L+1 (58%); H-2—L (32%) CT&DLE 1.5430/803.53

T3 H—L+2 (41%); H-2—L+1 (14%) CT&DLE 2.0660/600.12
Y6-T (@=0.118, €5=3.7, €d=3.5)

T1 H—L (68%); H-1—L+1 (14%) CT&DLE 1.3090/947.17

T2 H—L+1 (60%); H-1-L (23%) CT&DLE 1.3842/895.71

T3 H-1-L+1 (22%); H-4—L (20%); H—L+4 (20%) CT&DLE 1.8768/660.61
Y6-2T (@=0.118, £5=3.8, €d=3.5)

Tl HoL (45%); H-1>L+1 (19%); H-3—L (13%) CT&DLE 1.3563/914.14

T2 H—oL+1 (41%); H-1-L (22%); H-3—L+1 (14%) CT&DLE 1.3736/902.62

T3 H—L (39%); H-3—L (19%); H-1—>L+1 (14%) CT&DLE 1.7116/724.38

Y6-0 (w=0.118, £5=3.7, €d=3.5)
Tl HoL (76%) DLE&CT 1.2816/967.42




T2 HoL+1 (50%); H-1—L (28%) DLE&CT 1.5248/813.12
T3 H—oL+2 (28%); H-L+3 (19%); H-1-L+1 (13%);  CT&DLE 2.0406/607.59
H-4—L (13%)
Y6-10 (@=0.118, £s=3.6, ¥d=3.5)
T1 HoL (76%) DLE&CT 1.3812/897.66
T2 HoL+1 (51%); H-1-L (22%) CT&DLE 1.5721/788.65
T3 H—L+2 (29%); H-4—L (13%); HoL+3 (11%); CT&DLE 2.0454/606.16
H-1-L+1 (10%)
Y6-20 (@=0.118, s=3.6, £d=3.5)
Tl H—L (77%); H-1—L+1 (13%) DLE&CT 1.4247/870.25
T2 HoL+1 (46%); H-1—L (38%) CT&DLE 1.5825/783.47
T3 HoL+2 (43%); H-1—L+1 (15%); H-4—L (11%) CT&DLE 2.0412/607.41

Table S6. Electronic transition energies(eV), corresponding oscillator strengths (),
excitation wavelengths(nm), excited states characters (ESC) and main transition

configurations for complex molecules. (LC-PBE/CEP-121G*).

States Main transition configurations ESC E(eV/nm) f
PM6:Y6 (W=0.118, £5=3 .4, €d=3.3)
S3  H—L+1 (56%); H—L (30%) CT 2.0059/618.10  0.0082
S4  H-1-L (54%); H-2—L (17%) CT 2.0193/614.00  0.0290
S5  H-2—L+1 (74%); H-1—L+1 (22%) ALE&CT  2.1361/580.42  0.3159
S6  H-3—L (32%); H-4—L (20%); H-1—L (14%); CT 2.1588/574.32  0.0026
H-3—L+1 (13%)
S7  H—L+3 (54%); HHL+2 (32%) CT 2.2286/556.33  0.0173
S8 H-1-L+1 (59%); H-2—L+1 (21%); H-3—L (10%) CT 2.2718/545.75  0.0010
S9  H-4—L (40%); H-3—L (25%) CT 2.3233/533.66  0.1085
SI1  H-2—L+2 (72%); H-1—L+2 (20%) CT 2.4398/508.17  0.0843
SI2  H-3—L+1 (36%); H-3—L (20%); H-4—L+1 (13%); CT 2.5056/494.83  0.0004
H-4—L (12%)
SI13  H-7-L (87%) CT 2.5122/493.53  0.0266
S14  H-2—L+3 (53%); H-1—L+3 (22%) CT 2.5372/488.67  0.1288
SI5  H-5-L (33%); H-3—L+1 (13%); H-2—L+3 (12%) CT 2.5579/484.71  0.1021
PM6:AQx-2 (W=0.118, £5=3 4, £d=3.3)
S3  H—oL+1 (59%); H-L (34%) CT 2.0308/610.52  0.0167
S4  H-2—L (57%); H-2—L+1 (10%); H-4—L (10%) CT 2.0811/595.76  0.0280
S5  H-1-L+1 (93%) ALE 2.1413/579.01  0.3046
S6  H-2—L (33%); H-3—L (30%); H-3—L+1 (13%); CT 2.2096/561.12  0.0025
H-4—L (12%)
S7  H—L+3 (56%); HHL+2 (28%) CT 2.2435/552.64  0.0283
S8 H-2—L+1 (43%); H-3—L (21%); H-4—L (11%) CT 2.3412/529.58  0.0754
SI0  H-4—L (34%); H-2—L+1 (34%) CT 2.3743/522.19  0.0391
SI1  H-1-L+2 (90%) ALE 2.4556/504.90  0.0955
SI12  H-6—L (90%) CT 2.4791/500.12  0.0263




S13  H-3—L+1 (45%); H-3—-L (23%) CT 2.5391/488.30  0.0006
S14  H-15L+3 (82%) ALE 2.5480/486.59  0.1915
SI15  H—L+2 (56%); H—L+3 (30%) CT 2.5954/477.71  0.0324
PM6:Y6-T (@=0.118, é5=3.4, €4=3 3)
S3  HoL+1 (91%) ALE 1.8356/675.44  0.2153
S4  H-1-L (74%); H-1->L+1 (25%) CT 2.0495/604.95  0.0009
S5 H-2—L+1 (53%); H-2—>L (27%) CT 2.0812/595.73  0.0051
S6  H-3—L+1 (31%); H-4—L+1 (16%); H-2—L (13%), CT 2.2224/557.88  0.0087
H-3-L (12%)
S7  H-1-L+3 (77%); H-1—L+2 (10%) CT 2.2352/554.69  0.0090
S8 HoL+2 (85%) ALE 2.2726/545.56  0.3507
S9  H-2-L (57%); H-2—L+1 (39%) CT 2.2825/543.19  0.0016
S10  HoL+3 (76%) ALE 2.3375/530.41  0.1562
SI12  H-5-5L (45%); H-4—L (24%) CT 2.3668/523.85  0.0522
S13  H-55L (27%); H-4—L+1 (23%); H-3—L+1 (21%); CT 2.3940/517.90  0.0410
H-3-L (10%)

S14  H-55L+1 (67%); H-4—L+1 (11%) ALE 2.4585/50431  0.4771
SI15  HoL+4 (90%) CT 2.5208/491.84  0.0029
PM6:Y6-2T (W=0.118, £5=3.5, €d=3.3)

S2  H-1-L+1 (38%); HoL+1 (30%); HoL (27%) CT&ALE  1.6410/755.54  0.1573
S3  H-1-L+1 (50%); HoL+1 (42%) ALE&CT  1.7027/728.16  0.3361
S5 H-2-L+1 (79%) CT 2.0532/603.86  0.0169
S6  H-3—L (44%); HoL+3 (17%); HoL+2 (12%) ALE 2.1570/574.80  0.9336
S7  H—L+3 (35%); H-3—L (25%); H-1—>L+3 (24%) ALE 2.1782/569.20  0.3291
S8 H-35L+1 (27%); H-4—L+1 (24%); H-5>L+1 (13%);  CT&ALE  2.2132/560.20  0.0854

H-2—L+1 (12%); H-2—L (10%)
S9  H-2-L (63%); H—L+2 (25%) CT&ALE  2.2232/557.68  0.0681
S10  HoL+2 (45%); H-2—L (26%) CT&ALE — 2.2271/556.71  0.0222
SI1  H-1-L+3 (33%); HoL+3 (21%); H-3—L+1 (13%); ALE 2.2526/550.40  0.3996
H—L+2 (10%); H-4—L+1 (10%)
S12  H-35L+1 (36%); H-1>L+3 (17%); H-4—L+1 (16%); CT 2.2783/54420  0.1010
HoL+3 (14%)

S14  H-5-L+1 (58%); H-4—L+1 (26%) CT 2.3958/517.51  0.0344
SI15  HoL+4 (75%); H-1—L+4 (19%) CT 2.3993/516.75  0.1055
PM6:Y6-0O (@0=0.118, €5=3.4, €d=3.3)

S3  H-2—L (45%); HoL+1 (26%); HoL (22%) CT 2.0066/617.88  0.0056
S4  H-2—L (42%); HoL+1 (33%); HoL (14%) CT 2.0426/606.99  0.0344
S5 H-1-L+1 (91%) ALE 2.1373/580.10  0.3003
S6  H-4—L (34%); H-4—L+1 (16%); H-2—L+1 (15%); CT 2.1988/563.87  0.0030

H-3-L (14%)
S7  H-2-L+1 (72%); H-3—L (11%) CT 2.2903/541.34  0.0059
S8  H—L+3 (71%); HoL+2 (15%) CT 2.3106/536.59  0.3147
S9  H-3—L (47%); H-4—L (29%) CT 2.3537/526.76  0.0074
SI1  H-1-L+2 (81%) CT 2.4257/511.13  0.0763




S12  H-4—L+1 (26%); H-5—L (26%); H-4—L (22%) CT 2.5170/492.59  0.0046
SI13  H-15L+3 (56%) CT&ALE  2.5419/487.76  0.1042
S14  H-8—L (83%) CT 2.5637/483.61  0.0301
SI15  H—oL+2 (64%); H-L+3 (14%) CT 2.5665/483.09  0.0034
PM6:Y6-10 (@=0.118, £5=3 4, ¥d=3.3)
S3  HoL+1 (51%); HoL (42%) CT 2.0133/615.83  0.0198
S4  H-1-L (81%) CT 2.0876/593.91  0.0134
S5 H-2-L+1 (82%) ALE 2.1957/564.67  0.3666
S6  H-3—L (28%); H-3—>L+1 (19%); H-1>L+1 (15%); CT 2.2400/553.50  0.0101
H-4—L (13%); H-4—L+1 (10%)
S7  H—L+3 (68); HoL+2 (16%) CT 2.3091/536.94  0.0432
S8 H-1-L+1 (62%; H-3—L (17%) CT 2.3453/528.65  0.0202
S10  H-4—L (56%; H-3—L (22%) CT 2.4194/512.46  0.0241
SI1  H-25L+2 (76%) CT 2.4640/503.18  0.0832
S12  H-6-L (74%) ALE 2.4957/496.79  0.2154
S13  H-3-L+1 (37%); H-3—L (24%); H-4—L (13%); CT 2.5227/491.47  0.0088
H-4—L+1 (12%)

S14  HoL+2 (75%); HoL+3 (15%) CT 2.5557/485.13  0.0064
S15  H-8—L (50%); H-2—L+3 (22%) ALE&CT  2.5765/48121  0.1189
PM6:Y6-20 (@=0.118, ©s=3 4, £d=3 3)

S3  HoL+1 (56%); HoL (29%) CT 2.1275/582.77  0.0213
S4  H-1-L (71%) CT 2.1402/579.31  0.0307
S5 H-2-L+1 (82%) ALE 2.2405/553.38  0.3932
S6  H-3—L (36%); H-1-L (17%); H-4—L (16%); CT 2.2824/54322  0.0155

H-35L+1 (14%)
S7  HoL+3 (43%); HoL+2 (34%) CT 2.3270/532.81  0.0325
SO H-1-L+1 (78%) CT 2.4014/51630  0.0019
SI0  H-4—L (50%); H-3—L (22%) CT 2.4591/504.19  0.0166
SI1  H-25L+2 (77%) CT 2.5003/495.88  0.0584
S12  H-5-L (79%) ALE 2.5076/494.43  0.2069
SI13  H-25L+3 (69%) ALE 2.6207/473.10  0.3852
S14  H-3—L+1 (28%); H-3—L (16%); H-4—L+1 (11%) CT 2.6283/471.73  0.1736
SI15  HoL+6 (29%); HL+8 (16%); HoL+5 (15%) CT 2.6375/470.08  0.0132

Table S7. Calculated ionization potentials of the donors IPD, electron affinities of the

EA

acceptor ~ "4, fundamental gaps defined as the difference between the ionization

IPD—EAA), first adiabatic

excitation energy of acceptor EslA, quality center distances D), (A) between donor
and acceptor of the complexes. (LC-PBE/CEP-121G*).

energy of donor and the electron affinities of acceptors (

Complex 1P, EA, IP, EA, Ega Dp.4
PM6:Y6 5.53 3.64 1.89 1.70 10.40
PM6:AQx-2 5.53 3.60 1.93 1.72 9.26




PM6:Y6-T 5.53 3.55 1.98 1.54 12.45

PM6:Y6-2T 5.53 3.55 1.98 1.43 16.16
PM6:Y6-O 5.53 3.66 1.87 1.68 9.23
PM6:Y6-10 5.53 3.60 1.93 1.75 8.98
PM6:Y6-20 5.53 3.49 2.04 1.82 9.09

Table S8. Calculated electronic coupling V (in eV) in CR process of PM6:Y6,
PM6:AQx-2, PM6:Y6-T, PM6:Y6-2T, PM6:Y6-O, PM6:Y6-10 and PM6:Y6-20
complexes. u corresponds the transition dipole moment (in a.u); p, and p represent
the dipole moment at the ground state and excited state (in Debye), respectively. Ap
indicates the change in dipole moment between the ground state and the lowest singlet
excited state (in Debye); AE is the energy difference between the ground state and the
excited state (in eV). (LC-PBE/CEP-121G*).

PM6:Y6 PM6:AQx-2 PM6:Y6-T  PM6:Y6-2T

X -0.8985 0.8869 0.9108 5.5281
u Y -0.1743 0.1925 1.5055 0.6243
Z 0.0255 -0.0296 -0.2514 -0.4791
X, 0.9169 1.9348 1.9922 0.0079
U, Y -0.9119 -0.7852 -2.1505 -6.8412
Z -1.7875 -1.9649 -3.4203 -0.9021
X 18.4787 18.5420 -1.7888 29.6311
U, Y -15.1217 -15.3331 10.6779 -18.1627
Z 6.0141 5.9835 4.4665 -7.0744
u 2491 24.71 48.37 151.94
Dy, 255.84 251.19 166.20 345.85
AE 1.62 1.63 1.65 1.60
Ver 0.15 0.16 0.42 0.53
PM6:Y6-O PM6:Y6-10 PM6:Y6-20
u X 0.8744 -0.9060 -0.9638
Y -0.2730 -0.1462 -0.1805
Z -0.0420 0.0159 0.0217
U, X; 0.1663 3.0632 6.0785
Y 0.7895 1.3983 0.8071
Z 2.4251 -1.7092 -1.4949
U, X -19.0055 21.1463 22.1500
Y -14.0973 -18.7223 -13.6812
Z -4.8883 6.0561 6.6037
u 24.95 24.98 26.69
Apg, 27137 301.28 247.32
AE 1.66 1.72 1.74

Ver 0.15 0.14 0.18
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Table S9. H;s (meV) is the off-diagonal Hamiltonian of charge-localized state, S;¢
corresponds the overlap matrix element, E; and Erare the energy (in eV) of initial and
final states, and electronic coupling V (in eV) in CT and ED process of complexes.
(LC-PBE/CEP-121G%*).

Complex ETP Hif Sif Ei Ef \%

CT D(H)—A(L) 71.66214 0.02416 2.65533 6.02695 -0.03324

PM6:Y6
ED A(H)-D(H) 221414  0.01046  2.65538  5.94924  -0.04279
PM6:AQ-2 CTD(H)—A(L) -10.41090 -0.00138  2.79212  5.90054  -0.00402
ED A(H)-D(H)  -432000  0.00146  2.79214 577554  0.01057
ovever CTPDDAL) 393131 000395 265876 500972 -0.01908
ED A(H)-D(H) -16.57593  -0.00248  2.65868  5.02722  0.00706
oMeveor  CTPOD—AM) 453693 000790 264575 421039 -0.03161
ED A(H)»D(H)  -1.31071  -0.00381  2.64556  4.28051  -0.01189
oMeveo  CTPD—AL) 5887923 001787 262604 609047 001900
ED A(H)-D(H)  59.84709  0.00666  2.62573  6.06151  -0.03093
ovevelo CTPHDDAL) - 8503574 004032 265182 586140  -0.08660
ED A(H)>D(H) -21.30855  -0.00017  2.64963 596874  0.02056
CTD(H)—A(L) -38.40091 -0.02356  2.65048  5.97408  0.06319
PM6:Y6-20

ED AH)-D(H)  -7.74632  -0.00745  2.64959 594901  -0.02426




