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Table S1: The results of B97-D3 and B3LYP-D3 binding energies of homogenous and heterogenous pairs with varying the lengths of side
chains, and corresponding experimental determined PCEs.

monomer/ Monomer/PCBM Monomer/PC,;BM
Monomer mclnomer ™ ™ ™ ™
n, 5 @) | %8s (ev) | 2Fs (ev) e 5, @v) | 55 (av) e
B97-D3 B97-D3 | B3LYP-D3 B97-D3 | B3LYP-D3
P3BT 4 0.91 1.52 1.47 321 131 1.23
P3PT 5 1.01 1.57 1.52 431 1.36 1.28
P3HT 6 1.11 1.64 1.58 461 1.45 137
P3T 8 1.31 1.69 1.49
P3T 10 1.51 1.70 1.50
P3T 12 171 1.70 151
P3T 14 1.90 1.70 151
PCDTBT-C2 2 1.84 1.93 1.82 1.77 1.67
PCDTBT-C8 8 1.99 2.24 211 5.22 2.15 1.95 7.52
PCDTBT-C12 12 1.99 2.72 2.42
PBDTTPD-2EH/C6 6 1.38 2.12 1.82 6.6°
PBDTTPD-2EH/C7 7 1.66 2.27 2.36 1.91 1.95 8.53
PBDTTPD-2EH/C8 8 1.69 2.32 2.39 1.92 1.99 7.53
PBDTTPD-2EH/C12 12 1.73 2.43 2.09
PNT4T-C6/C8 6/8 2.88 2.72 2.45
PNT4T-20D 8/10 2.76 3.01 2.83 2.80 2.57 10.14
PNT4T-2DT 10/12 1.77 2.54 2.44 233 2.14
PBTff4T-C6/C8 6/3 1.67 2.17 2.14
PBTff4T-20D 8/10 1.65 2.42 2.33 9.64 2.38 2.22 10.44
PBTFf4T-2DT 10/12 0.65 2.04 1.92 1.97 2.11
PffBT4T-C6/C8 6/8 3.09 2.40 2.11
PFfBT4T-20D 8/10 2.20 2.54 2.51 10.4 4 2.19 1.89 10.54
PFfBT4T-2DT 10/12 0.88 1.98 2.09 173 137 7.645
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ogenous and heterogenous pairs with varying the number of branched side chains, and corresponding experimental

determined PCEs.

monomer/ Monomer/PCBM Monomer/PC;;BM
Monomer n, monomer
BEy @v) | 25 (ev) | BEb (ey) _— AEy (@v) | AEp (ev) _—
B97-D3 B97-D3 B3LYP-D3 B97-D3 B3LYP-D3
P3HT 0 1.11 1.64 1.58 3.486 1.45 1.37
P3HT-co-EHT 1 0.99 1.69 1.68 3.856 1.39 1.47
P3EHT 2 0.93 1.28 1.13 0.836 1.13 1.13
PBDTTPD-C12/C8 0 2.49 2.53 2.83 2.17 2.61 3.23
PBDTTPD-2EH/CS8 1 1.69 2.32 2.39 1.99 1.99 6-7.537
PBDTTPD-2EH/EH 2 1.36 2.12 1.75 3.2
PTB1 0 3.07 2.74 4.88 2.40 5.68
PTB4 1 2.10 2.37 2.25 6.18 2.20 1.99 7.18
PTB7 2 1.77 2.22 2.30 2.01 2.11 7.4




Table S3: The results of B97-D3 and B3LYP-D3 binding energies of homogenous and heterogenous pairs with varying the

branching positions of branched side chains, and the corresponding experimental determined PCEs.

monomer/

Monomer/PCBM Monomer/PC;,BM
Monomer/Monomer monomer
Py AEp ev) | BEbev) | AEb(ev) | PCE(%) | AEb(ev) | AEb(ev) | PCE (%)
B97-D3 B97-D3 B3LYP-D3 4 B97-D3 B3LYP-D3 4
PNTAT-10N 1 3.22 2.70 2.56 2.57 2.30
PNT4T-20D 2 2.76 3.01 2.83 2.80 2.57 10.1
PNTAT-30T 3 3.22 2.43 2.27 2.83 2.23
PBTff4T-10N 1 1.50 2.38 2.49 2.09 1.91
PBTff4T-20D 2 1.65 2.42 2.33 9.6 2.38 2.22 10.4
PBTffAT-30T 3 2.36 1.94 2.18 2.28 2.11
PffBT4T-10N 1 2.81 2.05 1.88 1.76 1.92
PffBT4T-20D 2 2.20 2.54 2.51 10.4 2.19 2.09 10.5
PFfBTAT-30T 3 2.92 2.21 2.76 2.56




Table S4: The electronic offsets of isolated monomers and fullerenes calculated at the B3LYP method.

Electronic Offsets from PCBM Electronic Offsets from PC5,BM
Ae -0, Ae -0.
Isolated Monomers Aeomo | Aerumo AEHD - (¢ Hp Iy A€romo AeLyao AGHD - ol Hp-Ly
E g(monomer) E g(monomer)

P3BT 0.22 1.98 2.03 0.47 0.22 2.00 2.01 0.47

P3PT 0.23 1.98 2.02 0.47 0.23 2.00 2.00 0.47

P3HT 0.22 1.99 2.03 0.47 0.22 2.01 2.01 0.47
P3HT-co-EHT 0.23 1.96 2.02 0.47 0.23 1.98 2.00 0.47
P3EHT 0.27 1.91 1.98 0.47 0.27 1.93 1.96 0.47
PCDTBT-C2 0.59 0.47 1.66 0.68 0.59 0.49 1.64 0.68
PCDTBT-C8 0.60 0.47 1.65 0.68 0.60 0.49 1.63 0.67
PBDTTPD-2EH/C7 0.40 0.86 1.85 0.61 0.40 0.88 1.83 0.61
PBDTTPD-2EH/CS8 0.43 0.87 1.82 0.61 0.43 0.89 1.80 0.60
PBDTTPD-C12/C8 0.28 0.82 1.97 0.64 0.28 0.84 1.95 0.63
PTB4 0.43 1.01 1.82 0.58 0.43 1.03 1.80 0.58

PTB7 0.42 0.97 1.83 0.59 0.42 0.99 1.81 0.58
PNT4T-10N 0.46 0.15 1.79 0.80 0.46 0.17 1.77 0.79
PNT4T-20D 0.53 0.12 1.72 0.80 0.53 0.14 1.70 0.79
PNT4T-30T 0.60 0.14 1.65 0.79 0.60 0.16 1.63 0.78
PNT4T-2DT 0.59 0.12 1.66 0.80 0.59 0.14 1.64 0.79
PBTff4T-10N 0.52 0.39 1.73 0.72 0.52 0.41 1.71 0.71
PBTff4T-20D 0.58 0.35 1.67 0.72 0.58 0.37 1.65 0.71
PBTff4T-30T 0.59 0.39 1.66 0.71 0.59 0.41 1.64 0.70
PBTff4T-2DT 0.50 0.35 1.75 0.73 0.50 0.37 1.73 0.72
Pff4ATBT-10N 0.50 0.33 1.75 0.73 0.50 0.35 1.73 0.73
PffATBT-20D 0.54 0.32 1.71 0.73 0.54 0.34 1.69 0.73




Pff4ATBT-30T 0.63 0.32 1.62 0.72 0.63 0.34 1.60 0.71
PffATBT-2DT 0.51 0.30 1.74 0.74 0.51 0.32 1.72 0.74
Table S5: The electronic offsets of the interacting monomers and fullerenes calculated at the SP B3LYP method using the B97-D3 optimized geometries.
Electronic Offsets from PCBM Electronic Offsets from PC;,BM

Interacting Aey _; -0, Aey _, - 0.

Monomers AEHOMO AeLUMO AEHD—LA — # AEHOMO AELUMO AEHD—LA - 0. L

E g(monomer) E g(monomer)
P3BT 0.43 2.00 1.80 2.03 0.36 1.99 1.81 2.03
P3PT 0.44 2.00 1.79 2.02 0.37 2.00 1.81 2.03
P3HT 0.44 2.01 1.79 2.02 0.36 2.00 1.81 2.03
P3HT-co-EHT 0.38 2.02 1.85 2.08 0.38 1.98 1.79 2.02
P3EHT 0.38 2.00 1.85 2.08 0.23 2.14 1.94 2.17
PCDTBT-C2 0.68 0.56 1.55 1.73 0.58 0.53 1.59 1.76
PCDTBT-C8 0.64 0.51 1.60 1.77 0.59 0.53 1.59 1.76
PBDTTPD-2EH/C7 0.47 1.00 1.76 0.58 0.45 0.99 1.72 0.57
PBDTTPD-2EH/C8 0.45 1.01 1.78 0.58 0.46 0.99 1.71 0.57
PBDTTPD-C12/C8 0.42 0.96 1.81 0.59 0.38 0.95 1.80 0.59
PTB4 0.61 0.98 1.62 0.56 0.52 0.97 1.65 0.56
PTB7 0.61 0.97 1.62 0.56 0.52 0.95 1.66 0.57
PNT4T-10N 0.55 0.19 1.69 0.78 0.45 0.18 1.73 0.78
PNT4T-20D 0.75 0.19 1.49 0.75 0.71 0.18 1.47 0.76
PNTAT-30T 0.70 0.22 1.54 0.75 0.43 0.18 1.75 0.78
PNTAT-2DT 0.75 0.19 1.49 0.75 0.71 0.18 1.47 0.76
PBTff4T-10N 0.69 0.31 1.54 0.72 0.43 0.38 1.74 0.72
PBTff4T-20D 0.60 0.41 1.64 0.70 0.50 0.37 1.67 0.71
PBTff4T-30T 0.64 0.46 1.60 0.68 0.54 0.42 1.63 0.69
PBTff4T-2DT 0.59 0.40 1.65 0.70 0.50 0.36 1.68 0.72
PffATBT-10N 0.61 0.41 1.63 0.70 0.48 0.35 1.70 0.72
Pff4TBT-20D 0.65 0.44 1.59 0.68 0.40 0.32 1.77 0.74




PffATBT-30T 0.67 0.35 1.56 0.71 0.51 0.32 1.66 0.73
PffATBT-2DT 0.59 0.30 1.64 0.73 0.47 0.29 1.69 0.74
Table S6: The electronic offsets of the interacting monomers and fullerenes calculated at the SP B3LYP method using the B3LYP-D3 optimized geometries.
Electronic Offsets from PCBM Electronic Offsets from PC;;BM
Interacting Aey _; -0. Aey _; —0.
Monomers Aepomo | BerLumo AEHD -Ly ( b A Aepomo A€ ymo AEHD Ly 0. b4
E g(monomer) E g(monomer)
P3BT 0.38 2.02 1.89 0.45 0.32 2.00 1.91 0.45
P3PT 0.39 2.02 1.89 0.45 0.33 2.00 1.91 0.45
P3HT 0.39 2.02 1.88 0.45 0.33 2.00 1.91 0.45
P3HT-co-EHT 0.27 2.09 2.00 0.46 0.34 1.98 1.89 0.45
P3EHT 0.35 2.00 1.92 0.45 0.19 2.15 2.05 0.45
PCDTBT-C2 0.62 0.59 1.65 0.65 0.53 0.54 1.70 0.67
PCDTBT-C8 0.59 0.61 1.68 0.65 0.53 0.56 1.71 0.67
PBDTTPD-2EH/C7 0.42 1.08 1.85 0.57 0.43 0.99 1.80 0.58
PBDTTPD-2EH/C8 0.43 1.07 1.84 0.57 0.44 1.01 1.79 0.58
PBDTTPD-C12/C8 0.42 1.00 1.85 0.59 0.38 0.98 1.86 0.59
PTB4 0.55 1.01 1.72 0.57 0.51 0.99 1.73 0.57
PTB7 0.56 1.00 1.71 0.57 0.49 0.97 1.75 0.58
PNT4T-10N 0.34 0.18 1.93 0.80 0.41 0.22 1.83 0.78
PNT4T-20D 0.61 0.23 1.66 0.76 0.64 0.19 1.60 0.77
PNTAT-30T 0.56 0.26 1.72 0.76 0.55 0.26 1.69 0.75
PNTA4T-2DT 0.61 0.22 1.66 0.76 0.63 0.19 1.61 0.77
PBTff4T-10N 0.61 0.35 1.66 0.72 0.20 0.42 2.04 0.74
PBTff4T-20D 0.54 0.44 1.74 0.70 0.46 0.36 1.77 0.73
PBTff4T-30T 0.60 0.54 1.67 0.67 0.50 0.44 1.74 0.68
PBTff4T-2DT 0.51 0.45 1.76 0.70 0.46 0.35 1.78 0.73




Pff4TBT-10N 0.49 0.43 1.79 0.71 0.41 0.33 1.82 0.74
Pff4TBT-20D 0.38 0.46 1.89 0.71 0.32 0.37 1.92 0.74
PffATBT-30T 0.33 0.45 1.93 0.72 0.41 0.37 1.82 0.73
PffATBT-2DT 0.34 0.47 1.93 0.72 0.30 0.37 1.93 0.74
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Figure S1: Energy levels of gas phase monomers with and without side chains calculated at the B3LYP method.
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Figure S2: The energy levels of interacting (a) P3T, (b) PCDTBT, (c) PBDTTPD, (d) PTB7, (e) PNTA4T, (f) PBTff4T, and (g)
Pff4TBT with various side chains, and with two types of fullerenes, calculated at the SP B3LYP using the B97-D3 optimized
geometries.
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