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Figure S1. (a) Chemical structures of DTDCTB and C60 and (b) Illustrations of the 
two kinds of cofacial intermolecular π-π stacking (I and II) in DTDCTB crystal and 
donor-acceptor interfacial geometry (DACC and DAH).
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Figure S2. Natural transition orbitals of (a) the lowest ddCT state and (b) the lowest 
dark EX state in DTDCTB clusters. The weight of the hole-electron contribution to 
the excitation also included.
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Figure S3. The frontier molecular orbitals of nDTDCTB/C60CC complexes.
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Figure S4. The structures (a) and frontier molecular orbitals (b) of nDTDCTB/C60H 
complexes.
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Figure S5. Energy levels of frontier molecular orbitals and IP and EA values for the 
nDTDCTB/C60H complexes (H and L denote HOMO and LUMO, respectively).
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Figure S6. Energy level of (a) the EX states and the ddCT states between adjacent 
DTDCTB molecules and (b) donor-to-acceptor CT states in nDTDCTB/C60H 
complexes.



S8

1 2 3 4

1.0

1.5

2.0

2.5

3.0

 

 

 
Os

ci
lla

to
r s

tre
ng

th

 nDTDCTB/C60CC
 nDTDCTB/C60H

 Number of DTDCTB
Figure S7. The oscillator strengths of the lowest bright EX states in complexes.

Figure S8. Natural transition orbitals of the lowest EX state with a large oscillator 
strength in nDTDCTB/C60H complexes. The weight of the hole-electron contribution 
to the excitation also included.
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Figure S9. Natural transition orbitals of the lowest dark EX states of (a) 
nDTDCTB/C60CC and (b) nDTDCTB/C60H complexes. The weight of the hole-electron 
contribution to the excitation also included.

Figure S10. Natural transition orbitals of the lowest ddCT states of (a) 
nDTDCTB/C60CC and (b) nDTDCTB/C60H complexes. The weight of the hole-electron 
contribution to the excitation also included.



S10

Figure S11. Natural transition orbitals of the lowest αCT, βCT, γCT states in (a) 
1~3DTDCTB/C60CC and (b) 1~3DTDCTB/C60H complexes. The weight of the hole-
electron contribution to the excitation also included.

Figure S12. Natural transition orbitals of the lowest αCT, βCT, γCT, δCT states in 
complex 4DTDCTB/C60H. The weight of the hole-electron contribution to the 
excitation also included.
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Table S1. The electronic couplings (in meV) for hole transfer (th), electron transfer (te) 
and charge recombination (tR), and binding energies (Eb, in kcal/mol) for dimers I, II, 
DACC, and DAH calculated by DFT using the B3LYP and tuned-ωB97X functionals 
with different basis sets. 

B3LYP/(6-31G*, 6-31G**, 6-311G**)

th te tR Eb

I 79.9, 79.7, 82.9 21.8, 21.2, 21.0 28.3, 29.2, 34.5 -21.2, -21.2, -21.9

II 28.3, 28.5, 29.7 12.7, 12.9, 15.5 25.8, 25.4, 24.6 -20.1, -20.1, -21.0

DACC 15.4, 15.4, 16.1 36.3, 36.0, 34.1 15.9, 15.8, 16.4 —

DAH 16.7, 16.7, 16.2 25.2, 25.1, 26.8 40.2, 40.1, 42.5 —

tuned-ωB97X/(6-31G*, 6-31G**, 6-311G**)

th te tR Eb

I 85.6, 85.3, 88.7 19.3, 18.6, 16.6 54.3, 56.0, 65.5 -20.5, -20.6, -22.1

II 27.9, 28.2, 29.4 4.9, 5.0, 5.5 49.8, 49.1, 49.5 -18.9, -18.9, -21.0

DACC 16.4, 16.3, 17.6 38.5, 38.2, 37.2 24.8, 24.7, 26.8 —

DAH 17.7, 17.6, 17.5 29.8, 29.7, 32.4 64.9, 64.7, 70.6 —
a Considering the degeneracy of HOMO and LUMO in C60, the effective electronic 
couplings are calculated for DACC and DAH.

Table S2. The optimized range-separation parameters (ω) of DTDCTB clusters and 
nDTDCTB/C60 complexes.

1DTDCTB 2DTDCTB 3DTDCTB 4DTDCTB

ω 0.14 0.12 0.10 0.10

1DTDCTB/C60 2DTDCTB/C60 3DTDCTB/C60 4DTDCTB/C60

ω 0.13 0.11 0.10 0.10


