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S1 Detailed simulation information

In this section we give detailed information about the simulation parameters and list the
electronic structure programs.

TBP, NDI-silane

Geometry Optimization
Software: Q-Chem1, Functional: M06-2X2, Basis set: 6-31G**
Optimization thresholds: Gradient-Max < 3 · 10−4 a.u. & ∆E < 1 · 10−6 a.u.

Optimal tuning
Software: Q-Chem, Functional: ωPBE3, Basis set: 6-31G**
We sample over different values of ω with a step size of 0.01 a−1

0 and calculate the HOMO
eigenvalues (ϵHOMO(ω)) and ionization potential (IP(ω)) for both the neutral system (N)
and the anion (N+1). For each system, we fit a quadratic function into the difference
between ϵHOMO(ω) and −IP(ω). Those parabolas are used to evaluate J2(ω) and we
determine the value of ω that minimizes J2(ω), yielding ωopt. The minimum found by
this procedure can vary by a few mili a−1

0 depending on the details of the fit, but such
tiny differences in ω do not have a relevant impact on the physical observables.

1-TBP–1-NDI-silane

Geometry Optimization
Software: Q-Chem, Functional: M06-2X, Basis set: 6-31G**
Optimization thresholds: Gradient-Max < 3 · 10−4 a.u. & ∆E < 1 · 10−6 a.u.

Binding energy
Software: Q-Chem, Functional: M06-2X, Basis set: 6-311++G**

Optimal tuning
Software: Q-Chem, Functional: ωPBE, Basis set: 6-31G**
We sample over different values of ω with a step size of 0.01 a−1

0 and evaluate J2(ω)
according to the procedure described above and determine the optimal ωopt that minimizes
J2.

Excited states
Software: Q-Chem, Functional: ωPBE, Basis set: 6-31G**
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3-TBP–3-NDI-silane

Geometry Optimization
Software: Q-Chem, Functional: M06-2X, Basis set: 6-31G**
Optimization thresholds: Gradient-Max < 3 · 10−4 a.u. & ∆E < 1 · 10−6 a.u.

Optimal tuning
Software: Q-Chem, Functional: ωPBE, Basis set: 6-31G**
We sample over different values of ω with a step size of 0.01 a−1

0 and evaluate J2(ω)
according to the procedure described above and determine the value ωopt that minimizes
J2(ω).

Excited states with difference densities
Software: TeraChem4 (singlets), QChem (triplets), Functional: OT-ωPBE, Basis set:
6-31G*, Tamm-Dancoff approximation

2-TBP–2-NDI

Initial Geometry Optimization for the Optimal Tuning
Software: Q-Chem, Functional: M06-2X, Basis set: 6-31G**
Optimization thresholds: Gradient-Max < 3 · 10−4 a.u. & ∆E < 1 · 10−6 a.u.

Optimal tuning
Software: Q-Chem, Functional: ωPBE, Basis set: 6-31G**
We sample over different values of ω with a step size of 0.01 a−1

0 and evaluate the J2(ω)
value with ωPBE. The minimal value for J2(ω) is achieved for ω = 0.15 a−1

0 .
The sampling rate is chosen comparatively coarse. The resulting physics, however, are
expected to be reliable within this accuracy.

Refined Geometry Optimization for Excited States and Initial Born-Oppenheimer
Dynamics Structure
Software: TeraChem, Functional: OT-ωPBE, Dispersion correction: D35, Basis set:
6-31G
Optimization thresholds: ∆E < 1 · 10−6 a.u. & Gradient-RMS < 3 · 10−4 a.u. & Gradient-
Max < 4.5 · 10−4 a.u. & Displace-RMS < 1.2 · 10−3 a.u. & Displace-Max < 1.8 · 10−3 a.u.

Excited states with difference densities
Software: TeraChem, Functional: OT-ωPBE, Dispersion correction: D3, Basis set:
6-31G*, Tamm-Dancoff approximation
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Born-Oppenheimer Molecular Dynamics
Software: TeraChem, Functional: OT-ωPBE, Dispersion correction: D3, Basis set:
6-31G*, Tamm-Dancoff approximation

Charge separation and recombination
Software: QChem, Functional: OT-ωPBE (total energies, excited-state energies, and
couplings) and M06-2X (geometry optimization), Basis set: 6-31G**, Tamm-Dancoff
approximation (only for the S1 geometry optimization)
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S2 Charge separation and recombination

For the calculations presented in the Section 2.3.3, the optimized geometries of the
ground state (Q0) and first excited state (Q1) were obtained by DFT and TDDFT/TDA
calculations, respectively, using the M06-2X functional and 6-31G(d,p) basis set. Both
optimizations had as initial guess the DFT optimized geometry performed with the
ωPBE+D3 functional and 6-31G(d,p) basis set presented in Section 2.3.1. The energies
reported here and the FCD parameters listed in the main manuscript were obtained from
full TDDFT calculations with the ωPBE functional and 6-31G(d,p) basis set using ω =
0.150 bohr−1.

Table S1: Energy shifts with respect to EQ0
S0 = −122680.575 eV of the ground state and first

four excited states for optimized geometries at S0 and S1. The small differences between the
excited states energies reported for Q0 here and in Tab. 3 of the main manuscript are due to
minor distinctions between the optimized geometries obtained with the ωPBE+D3 and M06-2X
functionals.

Geometry ∆E(S0) (eV) ∆E(S1) (eV) ∆E(S2) (eV) ∆E(S3) (eV) ∆E(S4) (eV)
Q0 0.000 1.116 1.695 2.192 2.578
Q1 0.326 0.677 1.687 2.009 2.494

Fig. 1 presents the Huang-Rhys spectrum of the S1→S0 transition for 2-TBP–2-NDI
system, dominated by high frequency vibrational modes (ν > 400 cm−1). The Huang-Rhys
factors are calculated by:

Sk = ωk∆Q2
k

2ℏ (1)

where ∆Qk is the mass-weighted projection between two electronic states along mode k,
given by:

∆Qk =
3N∑
µ=1

Lµk ∆Rµ (2)

where Lµ is the mass-weighted normalized frequency eigenvectors obtained at Q0 and
∆Rµ is the geometry displacement between Q0 and Q1. The vibrational frequencies and
corresponding mass-weighted normalized frequency eigenvectors were obtained from har-
monic vibrational DFT calculations performed in Q-Chem1 using the M06-2X functional2
and 6-31G(d,p) basis set.
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Figure S1: Huang-Rhys spectrum of the S1→S0 transition for the 2-TBP–2-NDI system.

S3 Experimental details

S3a NIR absorption spectroscopy

The vis-NIR absorption spectra were performed in a UV-M51 UV-vis-NIR single beam
spectrometer (Bel Engineering) equipped with a tungsten and deuterium lamp and a
silicon photodiode detector. The equipment can measure the absorption spectrum in the
range of 190-1000 nm with 1 nm bandwidth. The measurements were performed in 2
mm thick quartz cuvettes.

S3b NMR spectroscopy

The NMR spectra were obtained in a Avance Neo 600 MHz Bruker spectrometer with
magnetic flux of 14.1 T with a iProbe TBO 5mm BBF/19F/1H. The measurements were
performed at 298 K with an acquisition time of 5 s collecting 12k points in the time
dimension. The spectra were averaged over 32 scans. Further acquisition parameters are
π/2 pulse of 12 µs (nutation frequency of 20.8 kHz). The 1H single pulse experiments
were performed applying a 30o flip angle. The selective gradient-enhanced 1D ROESY
experiments (selrogp Bruker protocol from - avance-version 21/09/15) were performed
following an excitation π/2 pulse of 12 µs, a selective π gradient pulse of 12.2 ms and a
spinlock ROESY pulse during (P15) 0, 200, and 900 ms. This methodology based on refs.
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6–9 has been developed to contain no subtraction artifacts, such that NOE enhancements
are detected with complete confidence.

Fig. 2 shows selected regions of the 1H NMR spectra of the TBP, NDI-silane and
TBP/NDI-silane 2:1 THF-d8 solutions at a concentration of 30 g.L−1. The frame c)
shows the aromatic region (Ar), the frame a) the region around 8.56 ppm where the
proton H4 of the NDI-silane is observed, and the frame b) shows the region around
6.8 ppm where the protons H3 and H5 of TBP are observed. The assigned peaks are
labeled in correspondence to the structures presented in the inset of Fig. 2-c). For the
NDI-silane in THF-d8 the assigned spectrum in δ (ppm) is: 0.59 (4H, Hα, m); 1.07 (18H,
CH3, t), 1.71 (4H, Cβ , m), 3.69 (12H, OCH2, q), 4.02 (4H, Cγ , t), and 8.57 (2H, Ar/H4,
s). For the TBP in THF-d8 the assigned spectrum in δ (ppm) is: 1.12 (18H, CH3, s),
6.37 (2H, Ar/H2, d), 6.81 (2H, Ar/H5, d), 6.83 (2H, Ar/H3, dd), and 7.33 (1H, NH, s).
Tetramethylsilane (TMS) is used as internal reference at 0.0000 ppm.

The singlet peaks due to THF are observed at 3.47 and 1.61 ppm with a maximum
variation between the samples of 0.1 ppm (3 Hz). Interestingly, in the 2:1 TBP:NDI-silane
mixture the peaks related to the Ar/H4 of NDI-silane and Ar/H5 of the TBP are about
12 Hz downshifted in comparison with the solutions of the separated molecules, which is
beyond the variation in the chemical shift of the solvent. This is a result of an up-shielding
effect on these sites, which is the first indication of their spatial interaction in the 2:1
TBP:NDI-silane THF solution.
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Figure S2: 1H NMR spectra of the TBP, NDI-silane and TBP/NDI-silane 2:1 THF-d8 solutions,
from bottom to top, at a concentration of 30 g.L−1. Frame a) shows the region of the Ar/H4 of
the NDI-silane, frame b) the region of the Ar/H3 and Ar/H5 of the TBP, and frame c) shows the
aromatic region.
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Fig. 3 shows the 1H selective 1D ROESY NMR spectra of the TBP/NDI-silane 2:1
THF-d8 concentrated solution with spin lock pulse duration of 0, 200, and 900 ms. The
selective pulse is placed at 6.9 ppm, which excites only the protons Ar/H3 and Ar/H5 of
the TBP molecule. The spectrum without spinlock pulse has no trace of signals due to
NOE or spin-diffusion (as expected), neither zero-quantum coherence of a single pulse
experiment, except for a tiny peak at 6.37 ppm corresponding to the (2H, Ar/H2, d) site
of the TBP molecule. The spectrum obtained with spin lock pulse with duration of 200
ms has a significant negative-phase signal at 1.12 and 6.37 ppm, corresponding to the
(18H, CH3, s) and (2H, Ar/H2, d) protons of the TBP molecule, due to the NOE. Some
traces of signal due to the NDI-silane could be observed already. The spectrum obtained
with the spin lock pulse duration of 900 ms shows negative-phase peaks attributed to
the TBP, due to NOE, and positive-phase peaks attributed to the NDI-silane. The
positive-phase peaks are due to either chemical exchange or spin-diffusion (multiple spins
cross correlation).10 In the case of the TBP with NDI-silane aggregates, it is reasonable
to assume that chemical exchange is not relevant and that spin-diffusion is taking place.

P15 = 0 ms

200 ms

900 ms

Figure S3: 1H selective 1D ROESY NMR spectra of the TBP/NDI-silane 2:1 THF-d8 solution at
a concentration of 30 g.L−1. The spectra were taken with spin lock pulse duration of 0, 200, and
900 ms, from bottom to top, as indicated.
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