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S1 Computational methods

Table S0: Transition energies (in eV) for the S1, S2, S3, T1 and T2 electronic states of
1,3-diphenyl-isobenzofuran (DPBF), i.e. the parent compound of ML-DPBF.

Method
Vertical Adiabatic

S1 S2 S3 T1 T2 S1 T1

Experimental 3.01a 3.67a 3.86a - - 2.76b 1.41c, 1.48d

RI-CC2/TZVPP e 3.22 4.14 4.29 2.05 3.53 2.98 1.72
B3LYP/6-311G(d,p) 2.91f 3.96f 3.97f 1.78g 3.11f 2.66f 1.44g

a Absortion spectrum in 3-methylpentane at 77 K, band maximum [1].
b Fluorescence spectrum in cyclohexane, 0-0 transition [1].
c Electron energy loss spectroscopy in a solid film [1].
d Determined by sensitization in benzene [2].
e Computed with the RI-CC2/TZVPP method, using the point group C2 [1].
f Computed in the present work at the TD-DFT level (B3LYP/6-311G(d,p)), using the point group C2.
g Computed in the present work at the unrestricted open-shell DFT level (B3LYP/6-311G(d,p)), using the point
group C2.

S1.1 Additional Lennard-Jones interaction potential between chro-
mophores

To better account for dispersion and repulsion interactions between atoms of differ-
ent chromophores in the covalently bound dimers under study, interatomic potential
energy terms of Lennard-Jones (LJ) type were added to the state energies computed at
the R-AM1/FOMO-CASCI(4,8) level. In particular, the state energies were corrected
using the following additional LJ potential

VLJ =
∑
i∈A

∑
i∈B

4 εij

[(
σij
Rij

)12

−
(
σij
Rij

)6 ]
(S1)

where i and j run over the carbon and oxygen atoms of chromophore A and B, respec-
tively, Rij is the distance between atoms i and j, and εij and σij are parameters for
atom pair ij. The latter are geometric means of atomic parameters, i.e. εij =

√
εiεj

and σij =
√
σiσj . In our calculations, the atomic parameters {εi} and {σi} were se-

lected from the ones defining the OPLS-AA force field [3]. In particular, an OPLS-AA
atom type was assigned to each carbon (C) and oxygen (O) atom of the ML-DPBF
chromophore, as reported in Table S1.
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Table S1: Atom types and corresponding Lennard-Jones (LJ) parameters of the OPLS-
AA force field [3] selected to define the corrective potential term (Eq. S1) included in
the electronic structure calculations for the covalently bound dimers of ML-DPBF.

Atoms Atom type
ε σ

(kcal) (Å)

All carbons except the -CH2- ones Aromatic C (90) 0.070 3.550
Carbons of -CH2- bridges Alkane -CH2- (81) 0.066 3.500

Oxygen Furan O (507) 0.140 2.900

S1.2 Calculation of an effective electronic Hamiltonian matrix
Given a set of N electronic wave functions1 {Φi}, one may be interested to estimate

the effect of a subset of these states, typically theN−M higher energy ones (M < N )
which define an “outer space”, on the electronic Hamiltonian matrix elements which
couple the other M states, which span a “model space”. This can be achieved using
either a perturbative approach, such as the quasi-degenerate perturbation theory, or a
variational one [4, 5]. In the present work, we adopt the variational approach and we
proceed as follows.

After diagonalizing the electronic Hamiltonian matrix in the initial N -dimensional
space, we project the eigenfunctions {Ψi|i = 1, 2, . . . , N} onto the model space (of
dimensionM < N ). Then, we select theM projections {Ψ̃i}with the largest norm, to-
gether with their corresponding eigenvalues {Ei|i = 1, 2, . . . ,M}. Since the selected
projections are in general not orthogonal, we orthogonalize them using the Löwdin
method [6] and employ the functions obtained {Ψ̃

⊥
i } to define a so-called “effective

Hamiltonian”:

Ĥeff
el =

M∑
i=1

|Ψ̃
⊥
i 〉Ei〈Ψ̃

⊥
i | (S2)

where we have used the spectral decomposition formula. Notice that the effective
Hamiltonian constructed with the orthogonalized functions {Ψ̃

⊥
i } is hermitian, while

it would not be so if we employed the non-orthogonal projections {Ψ̃i}. Since Ψ̃
⊥
i =∑M

j=1 Φj C̃
⊥
ji , the effective Hamiltonian matrix in the basis of the model space functions

{Φi|i = 1, 2, . . . ,M} is given by:

(
Heff
el

)
jk

=
M∑
i=1

C̃⊥ji Ei C̃
⊥
ki. (S3)

In the construction of the effective Hamiltonian matrices for dimers D1 and D2 (see
Section 3, in the main text, and Table S4), the model space is defined by either the ex-
citonic states S∗1 , S∗2 and TT , or the diabatic states S1S0, S0S1 and TT , while the outer
space is spanned by the CT1, CT2, S∗∗1 and S∗∗2 states (excitonic basis), or by A−B+,
A+B−, S2S0 and S0S2 (diabatic basis). Therefore, the effective coupling between S∗1
(or S∗2) and TT includes both the S∗1 -TT (or S∗2 -TT ) direct electronic coupling and the
contributions from the higher energy states CT1, CT2, S∗∗1 and S∗∗2 .

1They may be determinants, single configurations or multi-configurational wave functions as the
diabatic or excitonic states employed to analyse our dynamics simulations (see the main text).
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S1.3 Direct trajectories with surface hopping
The simulations of nonadiabatic dynamics presented in Section 3.2 (see the main

text) were performed using the direct trajectories with surface hopping (DTSH) method
described in Ref. [7]. In such approach, the quantum wavepacked dynamics is approx-
imated using an ensemble of independent semiclassical trajectories. In each trajectory,
the nuclei evolve in time according to the Newton’s equation of classical mechanics:

Mα Q̈α(t) = −
∂V (Q(t))

∂Qα

(S4)

where Q is the collection of nuclear coordinates, i.e. Q = {Qα}, {Mα} are nuclear
masses, and V is the potential energy for the nuclear motion. In the DTSH method,
Eq. S4 is integrated using a Verlet-type algorithm [8]. At each integration time step,
the nuclear trajectory is driven by one adiabatic potential energy surface (PES), i.e.
V (Q) = Ek(Q), where Ek(Q) is the k-th eigenvalue of the electronic Hamiltonian
Ĥel(q;Q), corresponding to the eigenstate Φ(A)

k (q;Q), in which q is the collection of
electronic coordinates. In the DTSH method, the adiabatic PESs and wavefunctions,
{Ek} and {Φ(A)

k }, are computed by the semiempirical FOMO-CI method described in
Section S1.4. To account for nonadiabatic effects, the nuclear and electronic motions
are coupled by sudden hops between PESs. In particular, during the time propagation
of a semiclassical trajectory, the potential energy V (Q), driving the nuclear motion,
may change from Ek(Q) to El(Q), according to a chosen surface hopping algorithm.

Several surface hopping treatments have been proposed (see Ref. [9, 10] for a gen-
eral overview). In the DTSH method, the “fewest switches” surface hopping (FSSH)
algorithm, proposed by Tully in 1990 [11], is used. Such algorithm, which repre-
sents the most commonly used surface hopping scheme, minimizes the number of state
switches required to distribute the nuclear trajectories on the electronic states, accord-
ing to the computed transition probabilities. The FSSH algorithm requires to evolve
in time the electronic wavefunction Ψel according to a time-dependent Schrödinger
equation (TDSE) only for the electrons:

i~
d Ψel(q, t;Q(t))

dt
= Ĥel(q;Q(t)) Ψel(q, t;Q(t)) (S5)

where Q(t) is the classical nuclear trajectory. In particular, Ψel is expandend in a basis
of adiabatic states {Φ(A)

l }:

Ψel(q, t;Q(t)) =
∑
l

al(t) Φ
(A)
l (q;Q(t)). (S6)

Substitution of Eq. S6 into Eq. S5, followed by multiplication of both sides by Φ(A)∗
k

and integration over the electronic coordinates q, yields:

ȧk(t) = −i
Ek
~
ak(t)−

∑
l(6=k)

al(t)
[∑

α

Q̇α g
(α)
kl

]
(S7)

where g(α)kl is the derivative coupling betweenΦ(A)
k andΦ(A)

l , i.e. g(α)kl = 〈Φ(A)
k | ∂∂Qα |Φ

(A)
l 〉.

Since the (approximate) solution of Eq. S7 based on the adiabatic representation is
prone to inaccuracy in regions of weakly avoided curve crossings or conical intersec-
tions, in the DTSH method Eq. S7 is solved using a local diabatization algorithm [7],
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inherently stable in quasi-degenerate situations. The latter is based on a “locally dia-
batic” representation, i.e. a set of electronic states which are diabatic along the nuclear
trajectory under consideration. In such algorithm, the time-dependent coefficients in
the adiabatic basis, a(t), at the end of the time step (t = ∆t) are obtained from the
ones at the beginning of the time step (t = 0), using the following formula:

a(∆t) = T†(∆t) e−
i
~Z∆t a(0) (S8)

with
Z =

1

2

[
E(0) +T(∆t) E(∆t) T†(∆t)

]
(S9)

where T is the transformation matrix from the adiabatic basis {Φ(A)
k } to the basis of

locally diabatic states, and E is the diagonal matrix of adiabatic electronic energies.
The transformation matrix T at time ∆t is computed by Löwdin orthogonalization
[6] of the columns of the overlap matrix S between the adiabatic states at t = 0 and
t = ∆t:

Skl = 〈Φ(A)
k (0)|Φ(A)

l (∆t)〉. (S10)

As we can see from Eq. S8 and S9, the local diabatization algorithm does not require
the calculation of the derivative (or nonadiabatic) couplings between adiabatic states.
Moreover, the high stability of such algorithm allows to use a larger time step compared
to integration algorithms based on the adiabatic representation [12].

Once the time-dependent coefficients a(∆t) are obtained, the FSSH transition prob-
ability from the current adiabatic state Φ(A)

k to state Φ(A)
l , at the end of a time step ∆t,

is defined as follows:

Pk→l = max

{
0,
Bkl ∆t

|ak(0)|2

}
(S11)

where Bkl is the contribution of state l to the variation of the population of state k in
the time step ∆t:

|ak(∆t)|2 − |ak(0)|2

∆t
= −

∑
l(6=k)

Bkl. (S12)

If Bkl > 0, then Pk→l = Bkl ∆t
|ak(0)|2

; while if Bkl < 0, then Pk→l = 0 (see Eq. S11). In the
adiabatic basis, Bkl is given by:

Bkl = 2R{Gkl ρlk} (S13)

with

Gkl = 〈Φ(A)
k |Φ̇

(A)

l 〉 =
∑
α

g
(α)
kl Q̇α (S14)

ρlk = al a
∗
k (S15)

where R stands for the real part, and ρlk is the electronic density matrix element be-
tween states Φ(A)

k and Φ(A)
l . Note that ρkk = |ak(t)|2 is the probability of state k at time

t, computed along a given trajectory.
If the local diabatization algorithm is used to integrate the electronic TDSE, the

derivative (or nonadiabatic) couplings between adiabatic states are not computed and
the FSSH transition probabilities cannot be directly evaluated using Eq. S11 and S13.
Different ways were proposed to define FSSH transition probabilities in combination
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with the local diabatization algorithm [7, 13, 14]. In the simulations presented in Sec-
tion 3.2 we used the following definition (proposed for the first time in Ref. [14]):

Pk→l = max

{
0,
ρkk(0)− ρkk(∆t)

ρkk(0)

}
|Tkl(∆t)|

√
∆ρll∑

j(6=k) |Tkj(∆t)|
√
∆ρjj

(S16)

with
∆ρll = max{0, ρll(∆t)− ρll(0)}. (S17)

Eq. S16 takes into account both the variations of the populations of states k and l, and
the coupling between them, which is proportional to the overlap 〈Φ(A)

k (0)|Φ(A)
l (∆t)〉,

and hence to the matrix element Tkl(∆t). Moreover, Eq. S16 has the following good
features: (i) it provides the exact transition propabilities for the case of two states, (ii)
it deals correctly with non interacting or weakly interacting states, and (iii) it ensures a
reasonable partition of the variation of the current state population in the time step ∆t.

Once the transitions probabilities from the current state k to all the other state l are
computed using Eq. S16, a random number rt ∈ [0, 1] is extracted. Then, two cases
are possible. If rt is such that

l−1∑
j=1

Pk→j < rt ≤
l∑

j=1

Pk→j (S18)

a hop from state k to state l may occur (see below), otherwise, i.e. if∑
j

Pk→j < rt ≤ 1, (S19)

no hop during the current time step is done. In the former case (Eq. S18), the k → l
hop is done only if the conservation of the total energy can be satisfied. In particular,
if the nuclear kinetic energy Tn is larger than (or at least equal to) the sudden variation
in the potential energy El − Ek required by the hop, i.e. Tn ≥ El − Ek, the k → l
hop is done. On the contrary, if Tn < El − Ek, the hop is rejected. When the k → l
hop occurs, the nuclear velocities are rescaled to compensate for the sudden variation
in the potential energy El − Ek. If the derivative couplings {g(α)kl } are available, such
rescaling is usually done in the direction of the gkl vector. In the present work, wherein
the local diabatization algorithm is used and the derivative couplings are not computed,
the nuclear velocities are rescaled in the direction of the vector of momenta.

In Figure S0 we provide a schematic representation of the procedure required to
propagate in time a surface hopping trajectory according to the DTSH method em-
ployed in the present work.
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Step 1
Assignment of the initial con-
ditions, i.e. the initial nuclear

coordinates and velocities, and the
initial state (see Ref. [15, 16])

Step 2
Integration of the classical

equation of motions for the nuclei
(Eq. S4) and of the TDSE for

the electrons (Eq. S5 using Eq.
S8) for a small time interval ∆t

Step 3
Evaluation of the transition
probabilities from the cur-
rent state k to all the other
states l (using Eq. S16).

Step 4
Extraction of a random number
rt ∈ [0, 1] and determination
if a hop to any state l occurs,
according to Eq. S18 and S19
and the energy conservation.

k → l hop
Rescaling of the nuclear

velocities to compen-
sate for the sudden

variation in the poten-
tial energy El − Ek.

no hop

Figure S0: Schematic representation of the time propagation of a semiclassical surface
hopping trajectory, according to the direct trajectories with surface hopping (DTSH)
method employed in the present work.

One of the main drawbacks of the ”fewest switches” surface hopping (FSSH) method
is its unsuitable treatment of quantum decoherence effects. The term “quantum deco-
herence” is used to indicate the decay to zero of the off-diagonal elements of the density
matrix of a system, which in turn are called “coherences”. Using a fully quantum me-
chanical description of a molecular system based on the Born-Huang (BH) expansion
of the wavefunction [17]

Ψ(Q,q, t) =
∑
j

Θj(Q, t) Φ
(A)
j (q;Q), (S20)

the electronic density matrix is given by

ρ
(BH)
kl = 〈Φ(A)

k |Ψ〉q〈Ψ|Φ
(A)
l 〉q = Θk(Q) Θ∗l (Q) (S21)

where the subscripts q indicate that the integrations are performed on the electronic
coordinates. Since the wavepackets Θk(Q) and Θl(Q) travel on two different PESs,
namely Ek(Q) and El(Q), they may get far from each other in the space of the nuclear
coordinates Q. In this case, ρ(BH)

kl tends to vanish, and so do all the coupling matrix
elements between Θk(Q) and Θl(Q). The latter can vanish even when Θk(Q) and
Θl(Q) overlap in the Q coordinate space, but are well separated in the space of nuclear
momenta P, i.e. one is fast and the other is slow or they travel in different directions.
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As a result, in both cases discussed above no transfer of population between Θk(Q)
and Θl(Q) will occur any more.

In the FSSH method, for each trajectory the same representative point in the phase
space is used to propagate in time the electronic coefficients a(t) of all the electronic
states, i.e. the propagation of the electronic TDSE is fully coherent. Therefore, the
FSSH electronic density matrix (Eq. S15) behaves differently from the fully quantum
one (Eq. S21). In particular, an off-diagonal elements of the FSSH electronic density
matrix (Eq. S15) can vanish only if at least one of the coefficients al and ak is zero.
Even if the trajectory explores for a long time regions where the coupling between Φ(A)

k

and Φ(A)
l is negligible, the FSSH algorithm does not necessarily features the decay of

ρkl. Then, if the trajectory, carrying incorrect a(t), enters an interaction region, it may
undergo incorrect hops between PESs, leading to unphysical effects.

Several schemes have been proposed to properly include quantum decoherence in the
FSSH algorithm [18–20]. In such approaches, the general strategy consists of intro-
ducing a collapse of the electronic wavefunction on the current state k, i.e. enforcing
ak → 1 and al → 0, ∀l 6= k, within an appropriate time interval. In the surface hop-
ping simulations presented in Section 3.2 we used a scheme based on the evaluation of
the overlap between frozen gaussian wavepackets, which are propagated in time in an
approximate way as described in details in Ref. [20].

S1.4 Semiempirical FOMO-CI method
In the dynamics simulations presented in Section 3 (see the main text), the PESs

on which the nuclei evolve are computed using a configuration interaction method
based on floating occupation molecular orbitals (FOMO-CI), in its semiempirical vari-
ant [7, 21]. Such methodology consists of two main steps. First, the molecular orbitals
(MOs) are computed through a self-consistent field (SCF) procedure in which the MOs
are partitioned, on the basis of their energetic ordering, into inactive, active and vir-
tual: the inactive orbitals are doubly occupied, the virtual MOs are unoccupied and
the active ones have fractional, and possibly “floating” (i.e. variable, with respect to
the molecular geometry), occupations. In the latter case, the occupation numbers are
defined as follows

Ok =

√
2√
πw

∫ εF

−∞
e
−
(ε− εk)2

2w2 dε (S22)

where εk is the energy of the k-th MO, εF is the the Fermi level, determined by impos-
ing that the sum of the occupation numbers is equal to the total number of electrons,
i.e. Nel =

∑
k Ok, and w is the orbital energy width, an arbitrarily chosen parameter

which determines the spread of electronic population below and above the Fermi level.
Such occupation numbers are used to define the 1-electron density matrix D, which in
turn is used to construct the Fock matrix F in the SCF procedure:

Dij =
∑
k

Ok Cik Cjk (S23)

F = h+G(D) (S24)

where Cik is the coefficient of the k-th MO for the i-th atomic orbital basis function,
h is the one-electron integrals part of F and G is the matrix of two-electron integrals
(Coulomb and exchange). Note that, in this FOMO-SCF procedure, the occupation
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numbers of Eq. S22 are self-consistently determined according to the orbital energies
{εk}, obtained by diagonalization of F at each SCF iteration.

Once the MOs are computed through the FOMO-SCF step, they are employed to
perform a subsequent configuration interaction (CI) calculation. In the present work,
the CI space is truncated by doing a CASCI calculation, i.e. a full CI within the space
of the active MOs. This variant of the FOMO-CI method can be viewed as a convenient
substitute for the complete active space self-consistent field (CASSCF) method. From
the CASCI step, the energies and wavefunctions of the low-lying adiabatic electronic
states are obtained. In case of a surface hopping trajectory or a geometry optimiza-
tion, the analytical derivatives of the FOMO-CI electronic energies with respect to the
nuclear coordinates are also computed as described in Ref. [21].

In the semiempirical variant of the FOMO-CI technique, employed in the present
work, the elements of the Fock matrix for the SCF step, together with the ones of the
electronic Hamiltonian matrix in the determinant basis for the CI procedure, are evalu-
ated in the framework of the selected semiempirical method. In particular, the integrals
are either determined directly from experimental data or computed using analytical for-
mulas or suitable parametric expressions. In the present work we adopted the Austin
Model 1 (AM1) semiempirical model [22] with parameters specifically reoptimized
for our investigated systems. In general, such semiempirical FOMO-CI methodology
allows to take into account both the static electron correlation, by the CI procedure,
and the dynamical one, through the semiempirical parameters, which can be adjusted
in order to reproduce experimental or ab initio results for the particular system un-
der study. Moreover, the FOMO-SCF procedure allows the MOs to adapt smoothly to
changes of the nuclear geometry, which is an indispensable requirement if the MOs are
to be used in molecular dynamics simulations. This is particularly important in case of
single bond breaking or double bond twisting processes, in which the problem of or-
bital degeneracy has to be tackled. Furthermore, the partial optimization of some MOs
above the Fermi level, which are partially filled, generally improves the description of
excited states.
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S2 Stacked dimers D1 and D2

S2.1 Ground state thermal equilibrations
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Figure S1: Excitation energies (in eV) from the ground state (S0S0) in the excitonic
representation, obtained from the ground state thermal equilibrations for dimers D1
(upper panel) and D2 (lower panel) of ML-DPBF. Each point in the plot is obtained by
averaging over a time interval of 100 fs.
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Figure S2: Excitation energies (in eV) from the ground state (S0S0) in the diabatic
representation, obtained from the ground state thermal equilibrations for dimers D1
(upper panel) and D2 (lower panel) of ML-DPBF. Each point in the plot is obtained by
averaging over a time interval of 100 fs.
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Figure S3: Excitation energies (in eV) from the ground state (Sd0) in the adiabatic
representation, obtained from the ground state thermal equilibrations for dimers D1
(upper panel) and D2 (lower panel) of ML-DPBF. A superscript d is added to the state
labels to indicate that they are the adiabatic states of the dimers. Each point in the plot
is obtained by averaging over a time interval of 100 fs.
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Table S2: Average values (diagonal and lower triangular part) and standard deviations
(upper triangular part) of the electronic Hamiltonian matrix elements for the excitonic
basis obtained from the ground state thermal equilibration of dimers D1 and D2 of
ML-DPBF. All matrix elements are in units of meV. Averaging time intervals: 20-50
ps (D1) and 12-50 ps (D2).

Dimer D1
Ĥel S0S0 S∗1 S∗2 TT CT1 CT2 S∗∗1 S∗∗2 S∗∗∗1 S∗∗∗2

S0S0 0.00 ± 30.56 ± 37.91 ± 1.88 ± 61.55 ± 48.21 ± 43.59 ± 39.75 ± 51.43 ± 55.56
S∗1 2.09 2548.57 ± 0.00 ± 1.93 ± 54.56 ± 58.62 ± 43.24 ± 43.53 ± 146.05 ± 91.40
S∗2 -62.09 0.00 2931.90 ± 3.21 ± 53.16 ± 52.48 ± 114.81 ± 119.86 ± 99.07 ± 143.38
TT 0.33 0.49 -1.91 2965.12 ± 46.55 ± 52.85 ± 2.43 ± 2.68 ± 1.72 ± 2.27
CT1 1.35 -11.51 6.67 4.52 2998.97 ± 0.00 ± 16.42 ± 14.48 ± 12.93 ± 11.38
CT2 -2.45 -12.92 4.34 1.71 0.00 3118.27 ± 13.19 ± 14.25 ± 10.11 ± 11.61
S∗∗1 -1.23 -1.06 -3.60 0.00 1.20 0.15 3230.15 ± 0.00 ± 32.98 ± 16.39
S∗∗2 -1.22 -0.97 -3.87 0.02 0.92 -0.06 0.00 3363.82 ± 20.76 ± 26.02
S∗∗∗1 -1.76 11.50 2.84 0.00 0.28 0.00 0.10 -0.39 3437.81 ± 0.00
S∗∗∗2 -2.65 3.72 6.87 0.01 0.02 0.04 -0.21 0.47 0.00 3580.06

Dimer D2
Ĥel S0S0 S∗1 S∗2 TT CT1 CT2 S∗∗1 S∗∗2 S∗∗∗1 S∗∗∗2

S0S0 0.00 ± 59.51 ± 41.45 ± 2.18 ± 48.79 ± 50.52 ± 45.43 ± 20.88 ± 30.04 ± 36.31
S∗1 58.73 2659.50 ± 0.00 ± 2.89 ± 72.21 ± 76.18 ± 113.44 ± 87.98 ± 127.91 ± 135.07
S∗2 -0.69 0.00 2841.85 ± 1.44 ± 45.79 ± 44.99 ± 69.86 ± 76.23 ± 116.02 ± 114.30
TT 2.12 0.58 0.01 2999.14 ± 43.79 ± 43.47 ± 4.24 ± 2.82 ± 2.71 ± 3.28
CT1 -1.56 3.68 -7.20 0.65 3183.39 ± 0.00 ± 29.28 ± 23.27 ± 39.88 ± 32.35
CT2 6.70 -1.81 -6.72 5.33 0.00 3298.34 ± 25.36 ± 25.45 ± 31.45 ± 40.87
S∗∗1 -0.26 -3.70 0.02 0.47 2.64 0.04 3219.38 ± 0.00 ± 28.26 ± 29.72
S∗∗2 0.29 -0.72 3.09 0.19 1.06 0.43 0.00 3381.45 ± 22.98 ± 22.11
S∗∗∗1 -1.05 -1.41 -4.56 0.05 -0.25 -0.80 0.53 -0.19 3427.24 ± 0.00
S∗∗∗2 -1.77 -9.41 -1.92 -0.10 1.11 1.00 -2.06 -0.14 0.00 3585.42
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Table S3: Average values (diagonal and lower triangular part) and standard deviations
(upper triangular part) of the electronic Hamiltonian matrix elements for the diabatic
basis obtained from the ground state thermal equilibration of dimers D1 and D2 of
ML-DPBF. All matrix elements are in units of meV. Averaging time intervals: 20-50
ps (D1) and 12-50 ps (D2).

Dimer D1
Ĥel S0S0 S1S0 S0S1 TT A−B+ A+B− S2S0 S0S2 S3S0 S0S3

S0S0 0.00 ± 33.43 ± 33.42 ± 1.88 ± 46.81 ± 44.31 ± 42.42 ± 40.59 ± 54.57 ± 48.62
S1S0 -45.78 2737.57 ± 20.02 ± 2.83 ± 23.37 ± 23.96 ± 83.35 ± 95.02 ± 172.95 ± 26.83
S0S1 -43.60 183.95 2742.90 ± 2.42 ± 24.20 ± 24.10 ± 89.99 ± 82.88 ± 25.04 ± 153.91
TT 0.33 -1.72 -1.02 2965.12 ± 38.66 ± 41.65 ± 2.51 ± 2.59 ± 2.08 ± 1.84

A−B+ -21.17 -71.26 -0.41 -34.97 3068.08 ± 0.81 ± 6.00 ± 18.06 ± 3.39 ± 15.71
A+B− -38.95 0.24 -70.65 -23.07 -0.57 3049.16 ± 21.12 ± 6.40 ± 15.85 ± 3.90
S2S0 4.49 8.13 13.23 0.31 -0.84 2.71 3294.57 ± 12.98 ± 32.82 ± 13.11
S0S2 -4.06 -9.22 -8.40 0.03 1.08 -0.31 0.53 3299.39 ± 11.83 ± 32.68
S3S0 -2.18 6.54 -0.21 -0.15 0.19 -2.60 -1.72 -0.35 3507.97 ± 11.96
S0S3 19.90 -1.42 -72.55 -0.62 1.21 -0.88 0.23 2.12 0.83 3509.90

Dimer D2
Ĥel S0S0 S1S0 S0S1 TT A−B+ A+B− S2S0 S0S2 S3S0 S0S3

S0S0 0.00 ± 34.17 ± 35.14 ± 2.18 ± 47.51 ± 47.40 ± 35.03 ± 35.49 ± 30.79 ± 35.72
S1S0 53.44 2748.00 ± 23.83 ± 1.87 ± 46.24 ± 29.70 ± 56.80 ± 112.63 ± 171.94 ± 32.32
S0S1 58.74 -73.21 2753.35 ± 2.28 ± 28.55 ± 43.59 ± 110.37 ± 55.27 ± 31.13 ± 169.45
TT 2.12 0.92 1.10 2999.14 ± 42.63 ± 41.90 ± 3.56 ± 3.65 ± 3.04 ± 2.96

A−B+ -14.79 53.10 45.45 -12.14 3246.69 ± 0.93 ± 7.91 ± 39.28 ± 3.84 ± 50.18
A+B− -16.07 45.56 50.55 -10.80 0.57 3235.04 ± 31.72 ± 7.73 ± 51.55 ± 3.77
S2S0 1.14 1.28 5.35 0.06 -0.25 -2.33 3294.68 ± 33.20 ± 26.69 ± 26.45
S0S2 -3.41 -11.93 -1.36 0.48 4.50 0.87 -12.97 3306.15 ± 24.23 ± 26.24
S3S0 -0.87 -10.25 -1.02 0.23 0.04 3.67 -0.96 3.80 3500.16 ± 25.17
S0S3 0.39 -1.79 -29.05 -0.33 -9.02 -0.15 -0.14 0.91 -0.58 3512.49
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Table S4: Average values (diagonal and lower triangular part) and standard deviations
(upper triangular part) of the effective electronic Hamiltonian matrix in both the exci-
tonic basis and the diabatic one obtained from the ground state thermal equilibrations
of dimers D1 and D2 of ML-DPBF. In the construction of the effective Hamiltonian
matrix (see Section S1.2 for more details), the outer space is spanned by either the
excitonic states CT1, CT2, S∗∗1 and S∗∗2 , or the diabatic states A−B+, A+B−, S2S0

and S0S2. All matrix elements are in units of meV. Averaging time intervals: 20-50 ps
(D1) and 12-50 ps (D2).

Dimer D1

Ĥeff
el S∗1 S∗2 TT

S∗1 2531.32 ± 14.02 ± 14.30
S∗2 0.33 2846.42 ± 27.59
TT -0.49 0.64 2946.37

Ĥeff
el S1S0 S0S1 TT

S1S0 2686.06 ± 24.72 ± 23.03
S0S1 149.40 2691.68 ± 20.85
TT -1.11 -0.58 2946.37

Dimer D2

Ĥeff
el S∗1 S∗2 TT

S∗1 2609.99 ± 15.94 ± 20.89
S∗2 -0.19 2809.06 ± 11.38
TT -2.86 -0.17 2984.83

Ĥeff
el S1S0 S0S1 TT

S1S0 2705.70 ± 48.59 ± 17.25
S0S1 -77.28 2713.35 ± 16.54
TT -1.53 0.63 2984.83
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Table S5: Average weights (square coefficients) of the excitonic states in the 10 low-
lying adiabatic states obtained in the thermal equilibrations on Sd0 for dimers D1 and
D2 of ML-DPBF. Weights > 0.1 are in bold. The relative energies (in eV) of the
adiabatic states and the transition dipole moments squared (a.u.) for the adiabatic and
the excitonic states are also reported. Averaging time intervals: 20-50 ps (D1) and
12-50 ps (D2).

Dimer D1

S0S0 S∗1 S∗2 TT CT1 CT2 S∗∗1 S∗∗2 S∗∗∗1 S∗∗∗2

Energy µ2
Sd0→Sdn

(eV) (a.u.)

Sd0 0.998 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -
Sd1 0.000 0.939 0.001 0.001 0.013 0.009 0.004 0.003 0.024 0.007 2.507 4.247
Sd2 0.001 0.003 0.623 0.148 0.090 0.033 0.041 0.027 0.013 0.022 2.803 15.260
Sd3 0.000 0.004 0.170 0.501 0.244 0.034 0.023 0.010 0.005 0.008 2.934 4.253
Sd4 0.000 0.010 0.025 0.186 0.577 0.166 0.025 0.005 0.003 0.002 3.048 0.645
Sd5 0.000 0.005 0.016 0.141 0.058 0.633 0.124 0.010 0.010 0.002 3.154 0.847
Sd6 0.000 0.005 0.032 0.022 0.011 0.111 0.668 0.091 0.052 0.008 3.264 4.193
Sd7 0.000 0.005 0.033 0.001 0.003 0.011 0.070 0.668 0.162 0.046 3.382 3.165
Sd8 0.000 0.024 0.034 0.000 0.001 0.002 0.034 0.143 0.700 0.061 3.512 1.180
Sd9 0.000 0.004 0.068 0.000 0.001 0.001 0.011 0.041 0.030 0.844 3.641 0.792

µ2
0→i(exc.) - 4.092 13.887 1.727 2.182 1.134 4.718 3.806 1.525 1.420 - -
(a.u.)

Dimer D2

S0S0 S∗1 S∗2 TT CT1 CT2 S∗∗1 S∗∗2 S∗∗∗1 S∗∗∗2

Energy µ2
Sd0→Sdn

(eV) (a.u.)

Sd0 0.998 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -
Sd1 0.001 0.895 0.003 0.002 0.014 0.011 0.029 0.011 0.019 0.015 2.584 2.531
Sd2 0.000 0.006 0.845 0.050 0.012 0.006 0.024 0.014 0.028 0.015 2.779 25.193
Sd3 0.000 0.005 0.049 0.810 0.094 0.018 0.015 0.002 0.005 0.003 2.988 1.477
Sd4 0.000 0.012 0.018 0.077 0.506 0.046 0.288 0.009 0.027 0.017 3.176 0.692
Sd5 0.000 0.011 0.013 0.035 0.264 0.243 0.339 0.036 0.035 0.023 3.248 0.708
Sd6 0.000 0.007 0.008 0.016 0.063 0.417 0.249 0.156 0.067 0.017 3.314 0.892
Sd7 0.000 0.008 0.008 0.008 0.024 0.194 0.023 0.547 0.171 0.018 3.395 1.702
Sd8 0.000 0.026 0.034 0.001 0.014 0.039 0.016 0.209 0.635 0.025 3.521 1.595
Sd9 0.000 0.030 0.021 0.000 0.009 0.026 0.017 0.017 0.012 0.867 3.651 0.389

µ2
0→i(exc.) - 2.489 23.650 0.322 0.809 0.738 1.677 2.539 2.021 0.883 - -
(a.u.)
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Table S6: Average weights (square coefficients) of the diabatic states in the 10 low-
lying adiabatic states obtained in the thermal equilibrations on Sd0 for dimers D1 and
D2 of ML-DPBF. Weights > 0.1 are in bold. The relative energies (in eV) of the
adiabatic states and the transition dipole moments squared (a.u.) for the adiabatic and
the diabatic states are also reported. Averaging time intervals: 20-50 ps (D1) and 12-50
ps (D2).

Dimer D1

S0S0 S1S0 S0S1 TT A−B+ A+B− S2S0 S0S2 S3S0 S0S3
Energy µ2

Sd0→Sdn
(eV) (a.u.)

Sd0 0.998 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -
Sd1 0.000 0.480 0.460 0.001 0.011 0.011 0.003 0.003 0.015 0.016 2.507 4.247
Sd2 0.001 0.303 0.323 0.148 0.062 0.061 0.033 0.034 0.018 0.017 2.803 15.260
Sd3 0.000 0.086 0.087 0.501 0.128 0.150 0.017 0.017 0.007 0.006 2.934 4.253
Sd4 0.000 0.017 0.018 0.186 0.328 0.415 0.017 0.013 0.003 0.003 3.048 0.645
Sd5 0.000 0.011 0.010 0.141 0.386 0.305 0.071 0.063 0.007 0.005 3.154 0.847
Sd6 0.000 0.018 0.018 0.022 0.074 0.048 0.386 0.373 0.030 0.030 3.264 4.193
Sd7 0.000 0.019 0.019 0.001 0.008 0.006 0.360 0.378 0.109 0.100 3.382 3.165
Sd8 0.000 0.030 0.028 0.000 0.002 0.002 0.087 0.091 0.372 0.389 3.512 1.180
Sd9 0.000 0.036 0.036 0.000 0.001 0.001 0.025 0.027 0.439 0.434 3.641 0.792

µ2
0→i(dia.) - 8.878 9.101 1.727 1.649 1.667 4.252 4.272 1.519 1.426 - -
(a.u.)

Dimer D2

S0S0 S1S0 S0S1 TT A−B+ A+B− S2S0 S0S2 S3S0 S0S3
Energy µ2

Sd0→Sdn
(eV) (a.u.)

Sd0 0.998 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -
Sd1 0.001 0.466 0.432 0.002 0.013 0.012 0.020 0.020 0.018 0.017 2.584 2.531
Sd2 0.000 0.409 0.443 0.050 0.009 0.010 0.018 0.019 0.021 0.022 2.779 25.193
Sd3 0.000 0.025 0.028 0.810 0.052 0.060 0.009 0.008 0.004 0.004 2.988 1.477
Sd4 0.000 0.016 0.014 0.077 0.252 0.300 0.160 0.137 0.023 0.021 3.176 0.692
Sd5 0.000 0.012 0.012 0.035 0.256 0.251 0.196 0.179 0.030 0.027 3.248 0.708
Sd6 0.000 0.007 0.007 0.016 0.254 0.225 0.208 0.198 0.045 0.039 3.314 0.892
Sd7 0.000 0.008 0.007 0.008 0.119 0.099 0.269 0.301 0.098 0.091 3.395 1.702
Sd8 0.000 0.032 0.029 0.001 0.027 0.027 0.102 0.122 0.347 0.313 3.521 1.595
Sd9 0.000 0.024 0.027 0.000 0.018 0.017 0.018 0.016 0.413 0.466 3.651 0.389

µ2
0→i(dia.) - 12.732 13.407 0.322 0.803 0.745 2.076 2.140 1.455 1.449 - -
(a.u.)
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Figure S4: Stacking and slip distances (in Å) between chromophores obtained from
the ground state thermal equilibrations for dimers D1 (upper panel) and D2 (lower
panel) of ML-DPBF. The stacking distance (D) between chromophores is computed
as the average distance beween the centroid of one chromophore and its projection to
the best-fit plane of the other chromophore, while the slip distance (d) is defined as
the average distance beween the centroid of one chromophore and the projection of the
centroid of the other chromophore to the best-fit plane of the first chromophore.

S2.2 Simulations of excited state dynamics

Table S7: Excitonic state populations at the starting geometries (t = 0) of the excited
state dynamics for dimers D1 and D2 of ML-DPBF.

State Dimer D1 Dimer D2

S0S0 0.0006 0.0002
S∗1 0.0297 0.0578
S∗2 0.6702 0.8263
TT 0.0746 0.0122
CT1 0.0799 0.0139
CT2 0.0281 0.0073
S∗∗1 0.0464 0.0220
S∗∗2 0.0305 0.0143
S∗∗∗1 0.0154 0.0307
S∗∗∗2 0.0248 0.0154
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Figure S5: Diabatic state populations as functions of time for dimers D1 (upper pan-
els) and D2 (lower panels) of ML-DPBF. In the first 4 ps the trajectories where propa-
gated in constant energy mode, while in the time interval of 4-8 ps the van Gunsteren-
Berendsen thermostat [23] was applied, with a temperature of 300 K. The reported
results are obtained by averaging over all trajectories and time intervals of 10 fs (larger
panels, 0-8000 fs) and 1 fs (smaller panels, 0-300 fs).
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Figure S6: Adiabatic state populations as functions of time for dimers D1 (upper pan-
els) and D2 (lower panels) of ML-DPBF. In the first 4 ps the trajectories where propa-
gated in constant energy mode, while in the time interval of 4-8 ps the van Gunsteren-
Berendsen thermostat [23] was applied, with a temperature of 300 K. A superscript d
is added to the state labels to indicate that they are the adiabatic states of the dimers.
The reported results are obtained by averaging over all trajectories and time intervals
of 10 fs (larger panels, 0-8000 fs) and 1 fs (smaller panels, 0-300 fs).
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Table S8: Average transition rates between pairs of excitonic states obtained in the
simulations of the excited state dynamics for dimers D1 and D2 of ML-DPBF. The
CTn states, the higher excitonic states S∗∗1 and S∗∗2 , and S∗∗∗1 and S∗∗∗2 are grouped
together and indicated as CT , S∗∗ and S∗∗∗, respectively. Each rate, defined as

# transitions
# trajectories · time interval , is computed over the first 4 ps of the simulations and re-
ported in units of ps−1.

Dimer D1 Dimer D2
States Rates (ps−1) Rates (ps−1)

i j i→ j j → i neta i→ j j → i neta

S∗1 S0S0 0.002 0.000 0.002 0.001 0.000 0.001
S∗2 S0S0 0.001 0.000 0.001 0.003 0.000 0.003
TT S0S0 0.001 0.000 0.001 0.001 0.000 0.001
CT S0S0 0.000 0.000 0.000 0.000 0.000 0.000
S∗∗ S0S0 0.001 0.000 0.001 0.002 0.000 0.002
S∗∗∗ S0S0 0.000 0.000 0.000 0.001 0.001 0.000
S∗2 S∗1 0.957 1.199 -0.242 1.477 1.459 0.018
TT S∗1 13.552 12.805 0.747 12.390 11.953 0.437
CT S∗1 0.444 0.555 -0.111 0.189 0.262 -0.073
S∗∗ S∗1 0.182 0.404 -0.222 0.143 0.388 -0.245
S∗∗∗ S∗1 0.034 0.160 -0.126 0.033 0.149 -0.116
TT S∗2 3.857 4.400 -0.543 3.590 4.174 -0.584
CT S∗2 5.883 5.630 0.253 1.934 1.477 0.457
S∗∗ S∗2 1.162 1.242 -0.080 0.710 0.740 -0.030
S∗∗∗ S∗2 0.238 0.314 -0.076 0.105 0.149 -0.044
CT TT 3.104 2.783 0.321 0.991 0.913 0.078
S∗∗ TT 0.357 0.325 0.032 0.229 0.243 -0.014
S∗∗∗ TT 0.046 0.066 -0.020 0.027 0.061 -0.034
S∗∗ CT 3.829 3.314 0.515 4.405 3.922 0.483
S∗∗∗ CT 0.567 0.606 -0.039 0.598 0.609 -0.011
S∗∗∗ S∗∗ 3.347 3.089 0.258 2.289 2.088 0.201

a Difference between the i→ j rate and the j → i one.
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Table S9: Average transition rates between pairs of excitonic states obtained in the sim-
ulations of the excited state dynamics for dimers D1 and D2 of ML-DPBF. Each rate,
defined as # transitions

# trajectories · time interval , is computed over the first 4 ps of the simulations
and reported in units of ps−1.

Dimer D1 Dimer D2
States Rates (ps−1) Rates (ps−1)

i j i→ j j → i neta i→ j j → i neta

S∗1 S0S0 0.002 0.000 0.002 0.001 0.000 0.001
S∗2 S0S0 0.001 0.000 0.001 0.003 0.000 0.003
TT S0S0 0.001 0.000 0.001 0.001 0.000 0.001
CT1 S0S0 0.000 0.000 0.000 0.000 0.000 0.000
CT2 S0S0 0.000 0.000 0.000 0.000 0.000 0.000
S∗∗1 S0S0 0.000 0.000 0.000 0.002 0.000 0.002
S∗∗2 S0S0 0.001 0.000 0.001 0.000 0.000 0.000
S∗∗∗1 S0S0 0.000 0.000 0.000 0.000 0.001 -0.001
S∗∗∗2 S0S0 0.000 0.000 0.000 0.001 0.000 0.001
S∗2 S∗1 0.957 1.199 -0.242 1.477 1.459 0.018
TT S∗1 13.552 12.805 0.747 12.390 11.953 0.437
CT1 S∗1 0.382 0.388 -0.006 0.147 0.156 -0.009
CT2 S∗1 0.062 0.167 -0.105 0.042 0.106 -0.064
S∗∗1 S∗1 0.131 0.256 -0.125 0.102 0.265 -0.163
S∗∗2 S∗1 0.050 0.147 -0.097 0.041 0.123 -0.082
S∗∗∗1 S∗1 0.026 0.106 -0.080 0.029 0.100 -0.071
S∗∗∗2 S∗1 0.008 0.054 -0.046 0.004 0.049 -0.045
TT S∗2 3.857 4.400 -0.543 3.590 4.174 -0.584
CT1 S∗2 5.343 4.916 0.427 1.785 1.305 0.480
CT2 S∗2 0.540 0.714 -0.174 0.149 0.173 -0.024
S∗∗1 S∗2 1.104 1.100 0.004 0.662 0.634 0.028
S∗∗2 S∗2 0.057 0.143 -0.086 0.048 0.106 -0.058
S∗∗∗1 S∗2 0.219 0.256 -0.037 0.096 0.115 -0.019
S∗∗∗2 S∗2 0.019 0.057 -0.038 0.010 0.034 -0.024
CT1 TT 2.769 2.304 0.465 0.869 0.695 0.174
CT2 TT 0.335 0.479 -0.144 0.122 0.218 -0.096
S∗∗1 TT 0.322 0.283 0.039 0.208 0.191 0.017
S∗∗2 TT 0.035 0.042 -0.007 0.021 0.051 -0.030
S∗∗∗1 TT 0.041 0.045 -0.004 0.023 0.034 -0.011
S∗∗∗2 TT 0.006 0.021 -0.015 0.004 0.027 -0.023
CT2 CT1 4.037 3.027 1.010 2.263 1.617 0.646
S∗∗1 CT1 1.048 0.992 0.056 1.749 1.667 0.082
S∗∗2 CT1 0.037 0.116 -0.079 0.068 0.104 -0.036
S∗∗∗1 CT1 0.131 0.178 -0.047 0.176 0.186 -0.010
S∗∗∗2 CT1 0.009 0.054 -0.045 0.013 0.041 -0.028
S∗∗1 CT2 2.595 2.066 0.529 2.223 1.846 0.377
S∗∗2 CT2 0.150 0.139 0.011 0.366 0.305 0.061
S∗∗∗1 CT2 0.418 0.356 0.062 0.391 0.350 0.041
S∗∗∗2 CT2 0.009 0.018 -0.009 0.018 0.031 -0.013
S∗∗2 S∗∗1 1.885 1.491 0.394 1.071 0.803 0.268
S∗∗∗1 S∗∗1 1.230 1.111 0.119 0.678 0.600 0.078
S∗∗∗2 S∗∗1 0.100 0.100 0.000 0.057 0.055 0.002
S∗∗∗1 S∗∗2 1.632 1.510 0.122 1.303 1.198 0.105
S∗∗∗2 S∗∗2 0.385 0.369 0.016 0.252 0.235 0.017
S∗∗∗2 S∗∗∗1 0.623 0.486 0.137 0.416 0.303 0.113

a Difference between the i→ j rate and the j → i one.
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Figure S7: Net transition rates (in ps−1) between pairs of states as functions of time
(fs), obtained from the simulation of the excited state dynamics for dimer D1 of ML-
DPBF. The CTn states, the higher excitonic states S∗∗1 and S∗∗2 , and S∗∗∗1 and S∗∗∗2

are grouped together and indicated as CT , S∗∗ and S∗∗∗, respectively. Each rate is
defined as # transitions

# trajectories · time interval . For each type of transition, one bar represents a
net transition rate computed in a time interval of 25 fs (e.g. the first bar corresponds to
the interval (0:25] fs). For panels f-j, see the next page.
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Figure S7: (continued from previous page)
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Figure S8: Net transition rates (in ps−1) between pairs of states as functions of time
(fs), obtained from the simulation of the excited state dynamics for dimer D2 of ML-
DPBF. The CTn states, the higher excitonic states S∗∗1 and S∗∗2 , and S∗∗∗1 and S∗∗∗2

are grouped together and indicated as CT , S∗∗ and S∗∗∗, respectively. Each rate is
defined as # transitions

# trajectories · time interval . For each type of transition, one bar represents a
net transition rate computed in a time interval of 25 fs (e.g. the first bar corresponds to
the interval (0:25] fs). For panels f-j, see the next page.
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Figure S8: (continued from previous page)

-1

-0.5

 0

 0.5

 1

 1.5

-1

-0.5

 0

 0.5

 1

 1.5
0 500 1000 1500 2000 2500 3000 3500 4000

Tr
an

si
tio

n 
ra

te
 (p

s-1
) S*

1 -> CT

-0.6

-0.4

-0.2

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

-0.6

-0.4

-0.2

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

Tr
an

si
tio

n 
ra

te
 (p

s-1
) S*

1 -> S**

-1

-0.5

 0

 0.5

 1

 1.5

 2

 2.5

-1

-0.5

 0

 0.5

 1

 1.5

 2

 2.5

Tr
an

si
tio

n 
ra

te
 (p

s-1
) S** -> CT

-0.4

-0.2

 0

 0.2

 0.4

 0.6

 0.8

-0.4

-0.2

 0

 0.2

 0.4

 0.6

 0.8

Tr
an

si
tio

n 
ra

te
 (p

s-1
) S*

1 -> S***

-1

-0.5

 0

 0.5

 1

 1.5

0 500 1000 1500 2000 2500 3000 3500 4000
-1

-0.5

 0

 0.5

 1

 1.5

Tr
an

si
tio

n 
ra

te
 (p

s-1
)

Time (fs)

S*** -> S**

f

g

h

i

j

S25



Table S10: Comparison of the stacking (D) and slip (d) distances between chro-
mophores at the starting time (t = 0, X0), at the transitions between pairs of states
(Xt), and in the double triplet state TT (XTT ), averaged over all trajectories, obtained
in the first 4 ps of the simulations of the excited state dynamics for dimers D1 and D2
of ML-DPBF. All distances are reported in units of Å.

Geom.
Dimer D1 Dimer D2
D a d b D a d b

X0 3.7705 1.1104 3.6513 4.2530

S∗
2 → TT
Xt 3.7217 1.1908 3.5803 3.9227

Xt −X0 -0.0488 0.0804 -0.0710 -0.3303

CT1 → TT
Xt 3.6639 1.2032 3.5568 3.7372

Xt −X0 -0.1066 0.0928 -0.0945 -0.5158

CT2 → TT
Xt 3.6389 1.1609 3.5379 3.7519

Xt −X0 -0.1316 0.0505 -0.1134 -0.5011

TT → S∗
1

Xt 3.6941 1.1723 3.5781 3.8436
Xt −X0 -0.0764 0.0619 -0.0732 -0.4094

TT
XTT 3.7361 1.1624 3.6135 3.8899

XTT −X0 -0.0344 0.0520 -0.0378 -0.3631
a D is the average distance (in Å) beween the centroid of one
chromophore and its projection to the best-fit plane of the other
chromophore.
b d is the average distance (in Å) beween the centroid of one
chromophore and the centroid projection of the other chro-
mophore to the best-fit plane of the first chromophore.
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Table S11: Average values (diagonal and lower triangular part) and standard deviations
(upper triangular part) of the electronic Hamiltonian matrix elements in the excitonic
basis at the geometries where the current adiabatic wavefunction is dominated by the
TT state, obtained from the simulations of the excited state dynamics for dimers D1
and D2 of ML-DPBF.

Dimer D1
Ĥel S0S0 S∗1 S∗2 TT CT1 CT2 S∗∗1 S∗∗2 S∗∗∗1 S∗∗∗2

S0S0 0.00 ± 63.12 ± 93.34 ± 3.20 ± 75.73 ± 67.58 ± 123.11 ± 89.38 ± 125.61 ± 111.42
S∗1 0.16 2255.02 ± 0.00 ± 2.82 ± 64.83 ± 70.44 ± 88.37 ± 79.06 ± 155.76 ± 114.60
S∗2 0.20 0.00 2657.23 ± 7.45 ± 52.76 ± 51.95 ± 141.07 ± 125.82 ± 102.47 ± 140.01
TT 0.00 0.00 0.01 1948.35 ± 76.00 ± 70.27 ± 5.88 ± 4.74 ± 4.28 ± 4.51
CT1 0.01 -0.10 -0.03 -0.01 2533.57 ± 0.00 ± 15.99 ± 14.66 ± 15.47 ± 13.42
CT2 0.05 0.03 0.01 0.00 0.00 2663.76 ± 14.49 ± 13.64 ± 12.75 ± 14.07
S∗∗1 -5.86 0.04 -0.05 0.00 -0.01 0.01 2791.36 ± 0.00 ± 65.96 ± 48.06
S∗∗2 -0.74 0.04 0.32 -0.01 0.00 0.01 0.00 2947.85 ± 52.19 ± 50.37
S∗∗∗1 -5.47 0.28 -0.09 0.00 0.03 -0.03 2.67 1.18 2960.70 ± 0.00
S∗∗∗2 -0.96 0.19 -0.26 0.00 0.01 0.01 1.19 1.03 0.00 3146.48

Dimer D2
Ĥel S0S0 S∗1 S∗2 TT CT1 CT2 S∗∗1 S∗∗2 S∗∗∗1 S∗∗∗2

S0S0 0.00 ± 100.84 ± 72.26 ± 3.36 ± 71.20 ± 72.63 ± 122.22 ± 62.89 ± 114.99 ± 62.59
S∗1 0.02 2359.81 ± 0.00 ± 5.28 ± 68.77 ± 68.06 ± 155.45 ± 126.96 ± 127.44 ± 145.10
S∗2 -0.02 0.00 2579.93 ± 3.04 ± 58.20 ± 60.83 ± 74.33 ± 90.12 ± 116.75 ± 129.74
TT 0.00 -0.01 0.00 1955.51 ± 72.36 ± 65.75 ± 7.04 ± 5.94 ± 5.42 ± 6.61
CT1 0.05 -0.08 0.01 0.04 2660.93 ± 0.00 ± 27.47 ± 28.06 ± 33.42 ± 29.88
CT2 -0.01 0.13 0.13 0.07 0.00 2785.15 ± 25.32 ± 27.32 ± 28.51 ± 36.17
S∗∗1 -3.36 -0.02 0.00 -0.01 0.00 0.01 2803.68 ± 0.00 ± 71.97 ± 45.67
S∗∗2 -0.06 -0.11 -0.05 -0.01 -0.01 0.01 0.00 2966.61 ± 43.28 ± 49.91
S∗∗∗1 -5.68 -0.16 -0.01 0.00 -0.06 0.00 2.78 0.84 2958.02 ± 0.00
S∗∗∗2 -0.01 0.02 0.00 0.00 -0.03 0.05 0.80 0.85 0.00 3139.76

Table S12: Results obtained from the fitting of the TT and S0S0 populations for dimers
D1 and D2 of ML-DPBF, in the time interval of 4-8 ps (see Figure 6, in the main
text). The fitting functions are PTT (t) = PTT (t0) + a (1− e−(t−t0)/τ ) and PS0S0(t) =
PS0S0(t0) + b (1 − e−(t−t0)/τ ), with t0 = 4 ps. τ was determined by fitting the TT
population only. The asymptotic populations PTT (∞), PS0S0(∞) and PX(∞) are also
reported (X stands for all the excited states included in the dynamics treatment, except
TT ).

Dimer PTT (t0) PS0S0(t0) τ (ps) a b PTT (∞) PS0S0(∞) PX(∞)

D1 0.550 0.019 0.769 0.188 0.010 0.738 0.030 0.232
D2 0.691 0.029 0.704 0.152 0.008 0.843 0.037 0.120
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S3 Linear dimer D0

S3.1 Ground state thermal equilibration
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Figure S9: Excitation energies (in eV) from the ground state (S0S0) in the excitonic
representation, obtained from the ground state thermal equilibrations for two con-
formers of dimer D0 of ML-DPBF, namely D0-anti (upper panel) and D0-syn (lower
panel). Each point in the plot is obtained by averaging over a time interval of 100 fs.
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Figure S10: Excitation energies (in eV) from the ground state (S0S0) in the diabatic
representation, obtained from the ground state thermal equilibrations for two con-
formers of dimer D0 of ML-DPBF, namely D0-anti (upper panel) and D0-syn (lower
panel). Each point in the plot is obtained by averaging over a time interval of 100 fs.

S29



 2.5

 2.75

 3

 3.25

 3.5

 3.75

 4

 4.25

 4.5

 4.75

 0  5  10  15  20  25  30  35  40  45  50
 2.5

 2.75

 3

 3.25

 3.5

 3.75

 4

 4.25

 4.5

 4.75

En
er

gy
 (e

V)

Time (ps)

Sd
1

Sd
2

Sd
3

Sd
4

Sd
5

Sd
6

Sd
7

Sd
8

Sd
9

 2.5

 2.75

 3

 3.25

 3.5

 3.75

 4

 4.25

 4.5

 4.75

 0  5  10  15  20  25  30  35  40  45  50
 2.5

 2.75

 3

 3.25

 3.5

 3.75

 4

 4.25

 4.5

 4.75
En

er
gy

 (e
V)

Time (ps)

Sd
1

Sd
2

Sd
3

Sd
4

Sd
5

Sd
6

Sd
7

Sd
8

Sd
9

D0-anti

D0-syn

Figure S11: Excitation energies (in eV) from the ground state (Sd0) in the adiabatic rep-
resentation, obtained from the ground state thermal equilibrations for two conformers
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Table S13: Average values (diagonal and lower triangular part) and standard deviations
(upper triangular part) of the electronic Hamiltonian matrix elements for the excitonic
basis obtained from the ground state thermal equilibration of two conformers of dimer
D0 of ML-DPBF, namely D0-anti (upper panel) and D0-syn (lower panel). All matrix
elements are in units of meV. Averaging time interval: 30-50 ps.

Dimer D0-anti
Ĥel S0S0 S∗1 S∗2 TT CT1 CT2 S∗∗1 S∗∗2 S∗∗∗1 S∗∗∗2

S0S0 0.00 ± 32.55 ± 31.35 ± 1.05 ± 129.03 ± 33.54 ± 49.70 ± 52.51 ± 28.86 ± 20.49
S∗1 0.40 2692.72 ± 0.00 ± 0.17 ± 22.40 ± 17.50 ± 64.75 ± 41.68 ± 185.66 ± 105.72
S∗2 19.85 0.00 2862.40 ± 0.11 ± 8.10 ± 7.94 ± 32.07 ± 38.44 ± 84.65 ± 151.86
TT 0.16 -0.05 0.02 2988.03 ± 11.94 ± 17.99 ± 0.83 ± 0.62 ± 0.45 ± 0.40
CT1 -0.98 1.10 -0.64 -0.07 4346.81 ± 0.00 ± 83.08 ± 39.01 ± 41.54 ± 9.34
CT2 -2.22 1.40 -0.68 1.19 0.00 4440.71 ± 23.45 ± 10.33 ± 12.64 ± 11.88
S∗∗1 -1.22 4.75 -0.39 0.01 -7.63 0.26 3278.44 ± 0.00 ± 26.60 ± 14.81
S∗∗2 -0.13 -1.25 0.77 0.03 -0.85 -0.03 0.00 3414.83 ± 17.84 ± 22.24
S∗∗∗1 0.54 7.87 3.47 0.01 0.80 0.31 0.41 -0.44 3519.07 ± 0.00
S∗∗∗2 0.14 2.37 17.76 0.03 0.46 0.37 0.39 -0.67 0.00 3662.81

Dimer D0-syn
Ĥel S0S0 S∗1 S∗2 TT CT1 CT2 S∗∗1 S∗∗2 S∗∗∗1 S∗∗∗2

S0S0 0.00 ± 32.81 ± 30.82 ± 2.17 ± 171.51 ± 30.28 ± 51.37 ± 49.15 ± 28.37 ± 20.53
S∗1 -1.12 2694.39 ± 0.00 ± 0.34 ± 33.02 ± 23.81 ± 61.91 ± 39.89 ± 182.85 ± 101.83
S∗2 13.75 0.00 2856.77 ± 0.15 ± 11.66 ± 8.81 ± 32.05 ± 39.05 ± 80.59 ± 150.69
TT -0.36 0.10 0.10 2990.85 ± 19.31 ± 25.38 ± 1.56 ± 0.82 ± 0.67 ± 0.25
CT1 2.76 -0.19 -0.24 -0.10 4400.90 ± 0.00 ± 111.99 ± 62.47 ± 50.26 ± 10.19
CT2 -0.27 -0.04 -0.18 -0.94 0.00 4482.11 ± 24.57 ± 10.56 ± 11.13 ± 9.79
S∗∗1 1.41 -3.87 0.71 0.01 -7.78 -0.69 3285.42 ± 0.00 ± 26.76 ± 14.30
S∗∗2 1.11 -0.58 -0.53 0.02 -2.82 0.07 0.00 3418.20 ± 17.48 ± 23.18
S∗∗∗1 0.58 12.25 5.04 -0.01 -1.18 0.37 -0.89 -0.23 3516.39 ± 0.00
S∗∗∗2 0.29 3.85 13.69 0.00 -0.14 -0.05 -0.09 -0.02 0.00 3659.50
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Table S14: Average values (diagonal and lower triangular part) and standard deviations
(upper triangular part) of the electronic Hamiltonian matrix elements for the diabatic
basis obtained from the ground state thermal equilibration of two conformers of dimer
D0 of ML-DPBF, namely D0-anti (upper panel) and D0-syn (lower panel). All matrix
elements are in units of meV. Time interval: 30-50 ps.

Dimer D0-anti
Ĥel S0S0 S1S0 S0S1 TT A−B+ A+B− S2S0 S0S2 S3S0 S0S3

S0S0 0.00 ± 31.32 ± 31.55 ± 1.05 ± 61.42 ± 118.28 ± 50.20 ± 51.94 ± 25.22 ± 24.83
S1S0 15.19 2777.62 ± 6.13 ± 0.14 ± 12.74 ± 16.04 ± 56.64 ± 34.62 ± 190.54 ± 21.26
S0S1 15.15 66.92 2777.50 ± 0.15 ± 17.47 ± 13.81 ± 33.40 ± 54.16 ± 20.47 ± 194.18
TT 0.16 0.05 -0.03 2988.03 ± 13.74 ± 16.46 ± 0.73 ± 0.73 ± 0.41 ± 0.44

A−B+ 1.63 -1.73 3.33 -1.85 4370.71 ± 8.69 ± 37.68 ± 23.37 ± 18.87 ± 17.93
A+B− 3.80 -2.62 2.12 2.19 -1.46 4416.81 ± 49.63 ± 68.05 ± 24.49 ± 28.62
S2S0 2.30 -0.72 1.32 0.01 -2.23 -3.62 3346.47 ± 17.47 ± 26.82 ± 11.46
S0S2 -2.48 -1.68 1.15 -0.11 -1.08 -7.87 2.32 3346.80 ± 12.00 ± 27.00
S3S0 -0.40 -35.57 3.26 -0.07 -0.38 2.78 -0.98 1.60 3590.04 ± 7.58
S0S3 -0.45 0.65 -10.55 -0.04 -3.21 0.19 -3.61 1.20 2.21 3591.83

Dimer D0-syn
Ĥel S0S0 S1S0 S0S1 TT A−B+ A+B− S2S0 S0S2 S3S0 S0S3

S0S0 0.00 ± 31.76 ± 31.22 ± 2.17 ± 120.12 ± 126.12 ± 50.65 ± 49.10 ± 25.03 ± 24.49
S1S0 11.50 2774.28 ± 5.79 ± 0.25 ± 21.58 ± 20.61 ± 55.09 ± 31.38 ± 190.68 ± 19.78
S0S1 10.07 61.87 2776.88 ± 0.28 ± 18.02 ± 25.50 ± 31.30 ± 54.05 ± 20.53 ± 179.59
TT -0.36 -0.01 0.14 2990.85 ± 20.95 ± 23.99 ± 1.26 ± 1.22 ± 0.52 ± 0.50

A−B+ -2.27 1.43 -1.06 1.43 4441.58 ± 16.41 ± 68.89 ± 58.93 ± 25.22 ± 25.21
A+B− 1.10 -0.93 1.03 1.09 -3.02 4441.43 ± 69.04 ± 64.23 ± 29.86 ± 26.21
S2S0 -8.32 3.28 -6.89 -0.15 -7.06 -5.25 3349.86 ± 16.12 ± 27.42 ± 11.18
S0S2 3.55 3.06 -2.20 0.16 -1.75 -6.20 -1.13 3353.76 ± 10.81 ± 27.62
S3S0 0.51 7.42 -0.51 0.03 -0.27 -0.40 0.94 1.79 3585.99 ± 7.57
S0S3 0.31 6.64 -62.13 0.01 -0.27 -0.41 -0.96 -1.70 -0.73 3589.91
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Table S15: Average weights (square coefficients) of the excitonic states in the 10 low-
lying adiabatic states obtained in the thermal equilibrations on Sd0 for two conformers
of dimer D0 of ML-DPBF, namely D0-anti (upper panel) and D0-syn (lower panel).
Weights > 0.1 are in bold. The relative energies (in eV) of the adiabatic states and the
transition dipole moments squared (a.u.) for the adiabatic and the excitonic states are
also reported. Averaging time interval: 30-50 ps.

Dimer D0-anti

S0S0 S∗1 S∗2 TT CT1 CT2 S∗∗1 S∗∗2 S∗∗∗1 S∗∗∗2

Energy µ2
Sd0→Sdn

(eV) (a.u.)

Sd0 0.998 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 -
Sd1 0.000 0.931 0.001 0.003 0.000 0.000 0.009 0.003 0.042 0.010 2.640 26.321
Sd2 0.000 0.004 0.848 0.101 0.000 0.000 0.004 0.003 0.011 0.029 2.821 6.300
Sd3 0.000 0.000 0.097 0.884 0.000 0.000 0.012 0.001 0.001 0.004 3.001 0.791
Sd4 0.000 0.006 0.005 0.012 0.008 0.000 0.936 0.009 0.023 0.002 3.280 2.634
Sd5 0.000 0.008 0.004 0.000 0.000 0.000 0.015 0.888 0.076 0.009 3.418 1.674
Sd6 0.000 0.037 0.016 0.000 0.000 0.000 0.016 0.085 0.828 0.019 3.585 0.398
Sd7 0.000 0.014 0.031 0.000 0.000 0.000 0.002 0.010 0.017 0.928 3.712 0.226
Sd8 0.000 0.000 0.000 0.000 0.961 0.037 0.001 0.000 0.001 0.000 4.366 0.006
Sd9 0.001 0.000 0.000 0.000 0.029 0.962 0.005 0.001 0.001 0.000 4.453 0.024

µ2
0→i(dia.) - 24.651 6.634 0.006 0.065 0.035 2.839 1.843 1.535 0.752 - -
(a.u.)

Dimer D0-syn

S0S0 S∗1 S∗2 TT CT1 CT2 S∗∗1 S∗∗2 S∗∗∗1 S∗∗∗2

Energy µ2
Sd0→Sdn

(eV) (a.u.)

S0 0.998 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 -
S1 0.000 0.931 0.001 0.005 0.000 0.000 0.009 0.003 0.042 0.010 2.646 25.818
S2 0.000 0.006 0.855 0.093 0.000 0.000 0.004 0.003 0.010 0.028 2.819 7.935
S3 0.000 0.000 0.092 0.885 0.001 0.000 0.016 0.001 0.001 0.004 3.006 0.933
S4 0.000 0.006 0.004 0.016 0.015 0.000 0.919 0.016 0.022 0.002 3.282 1.833
S5 0.000 0.008 0.004 0.000 0.000 0.000 0.020 0.870 0.087 0.009 3.422 1.581
S6 0.000 0.035 0.014 0.000 0.000 0.000 0.019 0.093 0.816 0.022 3.583 0.413
S7 0.000 0.013 0.030 0.000 0.000 0.000 0.002 0.011 0.019 0.925 3.711 0.217
S8 0.001 0.000 0.000 0.000 0.935 0.057 0.004 0.001 0.001 0.000 4.436 0.020
S9 0.001 0.000 0.000 0.000 0.046 0.942 0.006 0.003 0.002 0.000 4.497 0.033

µ2
0→i(dia.) - 24.307 8.254 0.006 0.112 0.047 2.058 1.771 1.495 0.767 - -
(a.u.)
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Table S16: Average weights (square coefficients) of the diabatic states in the 10 low-
lying adiabatic states obtained in the thermal equilibrations on Sd0 for two conformers
of dimer D0 of ML-DPBF, namely D0-anti (upper panel) and D0-syn (lower panel).
Weights > 0.1 are in bold. The relative energies (in eV) of the adiabatic states and the
transition dipole moments squared (a.u.) for the adiabatic and the excitonic states are
also reported. Averaging time interval: 30-50 ps.

Dimer D0-anti

S0S0 S1S0 S0S1 TT A−B+ A+B− S2S0 S0S2 S3S0 S0S3
Energy µ2

Sd0→Sdn
(eV) (a.u.)

Sd0 0.998 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 -
Sd1 0.000 0.466 0.466 0.003 0.000 0.000 0.006 0.006 0.026 0.026 2.640 26.321
Sd2 0.000 0.425 0.426 0.101 0.000 0.000 0.004 0.004 0.020 0.020 2.821 6.300
Sd3 0.000 0.049 0.048 0.884 0.000 0.000 0.008 0.005 0.003 0.003 3.001 0.791
Sd4 0.000 0.005 0.005 0.012 0.002 0.007 0.471 0.473 0.014 0.011 3.280 2.634
Sd5 0.000 0.006 0.006 0.000 0.000 0.000 0.449 0.454 0.042 0.042 3.418 1.674
Sd6 0.000 0.027 0.026 0.000 0.000 0.000 0.053 0.048 0.429 0.418 3.585 0.398
Sd7 0.000 0.022 0.022 0.000 0.000 0.000 0.006 0.005 0.466 0.479 3.712 0.226
Sd8 0.000 0.000 0.000 0.000 0.715 0.282 0.001 0.001 0.000 0.000 4.366 0.006
Sd9 0.001 0.000 0.000 0.000 0.282 0.709 0.002 0.004 0.001 0.001 4.453 0.024

µ2
0→i(dia.) - 15.588 15.696 0.006 0.035 0.065 2.178 2.504 1.135 1.152 - -
(a.u.)

Dimer D0-syn

S0S0 S1S0 S0S1 TT A−B+ A+B− S2S0 S0S2 S3S0 S0S3
Energy µ2

Sd0→Sdn
(eV) (a.u.)

S0 0.998 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 -
S1 0.000 0.473 0.458 0.005 0.000 0.000 0.006 0.006 0.026 0.025 2.646 25.818
S2 0.000 0.424 0.437 0.093 0.000 0.000 0.004 0.004 0.019 0.019 2.819 7.935
S3 0.000 0.045 0.047 0.885 0.001 0.001 0.009 0.008 0.002 0.003 3.006 0.933
S4 0.000 0.005 0.005 0.016 0.007 0.008 0.480 0.456 0.012 0.012 3.282 1.833
S5 0.000 0.006 0.006 0.000 0.000 0.000 0.436 0.454 0.052 0.044 3.422 1.581
S6 0.000 0.025 0.025 0.000 0.000 0.000 0.052 0.060 0.425 0.413 3.583 0.413
S7 0.000 0.021 0.022 0.000 0.000 0.000 0.006 0.006 0.462 0.482 3.711 0.217
S8 0.001 0.000 0.000 0.000 0.508 0.484 0.003 0.002 0.001 0.001 4.436 0.020
S9 0.001 0.000 0.000 0.000 0.483 0.505 0.005 0.004 0.001 0.001 4.497 0.033

µ2
0→i(dia.) - 16.363 16.198 0.006 0.074 0.085 1.947 1.882 1.144 1.118 - -
(a.u.)
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S3.2 Simulation of excited state dynamics
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Figure S13: Excitonic state populations as functions of time for dimer D0-syn of ML-
DPBF. The reported results are obtained by averaging over all trajectories and time
intervals of 10 fs.
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dimer D0 of ML-DPBF, namely D0-anti (upper panel) and D0-syn (lower panel). The
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Figure S15: Adiabatic state populations as functions of time for two conformers of
dimer D0 of ML-DPBF, namely D0-anti (upper panel) and D0-syn (lower panel). A
superscript d is added to the state labels to indicate that they are the adiabatic states
of the dimers. The reported results are obtained by averaging over all trajectories and
time intervals of 10 fs.
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Table S17: Average transition rates between pairs of excitonic states obtained in the
simulations of the excited state dynamics for two conformers of dimer D0 of ML-
DPBF, namely D0-anti and D0-syn. The charge transfer states CT1 and CT2, the
higher excitonic states S∗∗1 and S∗∗2 , and S∗∗∗1 and S∗∗∗2 are grouped together and indi-
cated as CT , S∗∗ and S∗∗∗, respectively. The complete list of state-to-state transition
rates is provided in Table S18. Each rate, defined as # transitions

# trajectories · time interval , is com-
puted over the whole simulations (0-4 ps) and reported in units of ps−1.

Dimer D0-anti Dimer D0-syn
States Rates (ps−1) Rates (ps−1)

i j i→ j j → i neta i→ j j → i neta

S∗1 S0S0 0.008 0.000 0.008 0.008 0.002 0.006
S∗2 S0S0 0.008 0.002 0.006 0.002 0.002 0.000
TT S0S0 0.000 0.000 0.000 0.000 0.000 0.000
CT S0S0 0.000 0.000 0.000 0.000 0.000 0.000
S∗∗ S0S0 0.011 0.002 0.009 0.013 0.000 0.013
S∗∗∗ S0S0 0.006 0.002 0.004 0.003 0.000 0.003
S∗2 S∗1 12.090 11.142 0.948 12.447 11.503 0.944
TT S∗1 0.631 0.635 -0.004 0.552 0.534 0.018
CT S∗1 0.000 0.021 -0.021 0.000 0.019 -0.019
S∗∗ S∗1 0.965 1.700 -0.735 0.998 1.676 -0.678
S∗∗∗ S∗1 0.174 0.495 -0.321 0.169 0.555 -0.386
TT S∗2 0.563 0.561 0.002 0.485 0.489 -0.004
CT S∗2 0.000 0.002 -0.002 0.002 0.005 -0.003
S∗∗ S∗2 8.623 7.468 1.155 8.523 7.342 1.181
S∗∗∗ S∗2 0.756 0.898 -0.142 0.745 0.929 -0.184
CT TT 0.000 0.000 0.000 0.000 0.002 -0.002
S∗∗ TT 0.063 0.063 0.000 0.090 0.074 0.016
S∗∗∗ TT 0.003 0.005 -0.002 0.006 0.006 0.000
S∗∗ CT 0.008 0.008 0.000 0.008 0.002 0.006
S∗∗∗ CT 0.023 0.026 -0.003 0.035 0.034 0.001
S∗∗∗ S∗∗ 4.474 4.024 0.450 4.427 3.866 0.561

a Difference between the i→ j rate and the j → i one.
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Table S18: Average transition rates between pairs of excitonic states obtained in the
simulations of the excited state dynamics for two conformers of dimer D0 of ML-
DPBF, namely D0-anti and D0-syn. Each rate, defined as # transitions

# trajectories · time interval ,
is computed over the whole simulations (0-4 ps) and reported in units of ps−1.

Dimer D0-anti Dimer D0-syn
States Rates (ps−1) Rates (ps−1)

i j i→ j j → i neta i→ j j → i neta

S∗1 S0S0 0.008 0.000 0.008 0.008 0.002 0.006
S∗2 S0S0 0.008 0.002 0.006 0.002 0.002 0.000
TT S0S0 0.000 0.000 0.000 0.000 0.000 0.000
CT1 S0S0 0.000 0.000 0.000 0.000 0.000 0.000
CT2 S0S0 0.000 0.000 0.000 0.000 0.000 0.000
S∗∗1 S0S0 0.008 0.002 0.006 0.010 0.000 0.010
S∗∗2 S0S0 0.003 0.000 0.003 0.003 0.000 0.003
S∗∗∗1 S0S0 0.005 0.002 0.003 0.003 0.000 0.003
S∗∗∗2 S0S0 0.002 0.000 0.002 0.000 0.000 0.000
S∗2 S∗1 12.090 11.142 0.948 12.447 11.503 0.944
TT S∗1 0.631 0.635 -0.004 0.552 0.534 0.018
CT1 S∗1 0.000 0.002 -0.002 0.000 0.005 -0.005
CT2 S∗1 0.000 0.019 -0.019 0.000 0.015 -0.015
S∗∗1 S∗1 0.797 1.289 -0.492 0.855 1.289 -0.434
S∗∗2 S∗1 0.168 0.411 -0.243 0.144 0.387 -0.243
S∗∗∗1 S∗1 0.144 0.374 -0.230 0.132 0.432 -0.300
S∗∗∗2 S∗1 0.031 0.121 -0.090 0.037 0.123 -0.086
TT S∗2 0.563 0.561 0.002 0.485 0.489 -0.004
CT1 S∗2 0.000 0.000 0.000 0.000 0.000 0.000
CT2 S∗2 0.000 0.002 -0.002 0.002 0.005 -0.003
S∗∗1 S∗2 8.210 6.750 1.460 8.129 6.661 1.468
S∗∗2 S∗2 0.413 0.718 -0.305 0.394 0.681 -0.287
S∗∗∗1 S∗2 0.708 0.735 -0.027 0.710 0.721 -0.011
S∗∗∗2 S∗2 0.048 0.163 -0.115 0.035 0.208 -0.173
CT1 TT 0.000 0.000 0.000 0.000 0.000 0.000
CT2 TT 0.000 0.000 0.000 0.000 0.002 -0.002
S∗∗1 TT 0.063 0.061 0.002 0.089 0.074 0.015
S∗∗2 TT 0.000 0.002 -0.002 0.002 0.000 0.002
S∗∗∗1 TT 0.003 0.005 -0.002 0.005 0.006 -0.001
S∗∗∗2 TT 0.000 0.000 0.000 0.002 0.000 0.002
CT2 CT1 0.521 0.503 0.018 0.556 0.542 0.014
S∗∗1 CT1 0.002 0.005 -0.003 0.000 0.000 0.000
S∗∗2 CT1 0.000 0.000 0.000 0.000 0.000 0.000
S∗∗∗1 CT1 0.002 0.000 0.002 0.000 0.002 -0.002
S∗∗∗2 CT1 0.005 0.011 -0.006 0.018 0.016 0.002
S∗∗1 CT2 0.006 0.002 0.004 0.008 0.002 0.006
S∗∗2 CT2 0.000 0.002 -0.002 0.000 0.000 0.000
S∗∗∗1 CT2 0.003 0.003 0.000 0.003 0.000 0.003
S∗∗∗2 CT2 0.013 0.011 0.002 0.015 0.016 -0.001
S∗∗2 S∗∗1 2.826 1.987 0.839 2.719 1.913 0.806
S∗∗∗1 S∗∗1 2.039 1.887 0.152 2.195 1.885 0.310
S∗∗∗2 S∗∗1 0.056 0.058 -0.002 0.060 0.092 -0.032
S∗∗∗1 S∗∗2 2.100 1.760 0.340 1.852 1.574 0.278
S∗∗∗2 S∗∗2 0.279 0.319 -0.040 0.321 0.315 0.006
S∗∗∗2 S∗∗∗1 0.737 0.489 0.248 0.739 0.458 0.281

a Difference between the i→ j rate and the j → i one.
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Figure S16: Net transition rates (in ps−1) between pairs of states as functions of time (fs),
obtained from the simulation of the excited state dynamics for dimer D0-anti of ML-DPBF.
The higher excitonic states S∗∗1 and S∗∗2 , and S∗∗∗1 and S∗∗∗2 are grouped together and indicated
as S∗∗ and S∗∗∗, respectively. Each rate is defined as # transitions

# trajectories · time interval . For each
type of transition, one bar represents a net transition rate computed in a time interval of 25 fs
(e.g. the first bar corresponds to the interval (0:25] fs).
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Table S19: Average values (diagonal and lower triangular part) and standard deviations
(upper triangular part) of the electronic Hamiltonian matrix elements in the excitonic
basis at the geometries where the current adiabatic wavefunction is dominated by the
excitonic S∗1 state, obtained from the simulations of the excited state dynamics for two
conformers of dimer D0 of ML-DPBF, namely D0-anti and D0-syn.

Dimer D0-anti
Ĥel S0S0 S∗1 S∗2 TT CT1 CT2 S∗∗1 S∗∗2 S∗∗∗1 S∗∗∗2

S0S0 0.00 ± 59.55 ± 49.66 ± 3.59 ± 343.71 ± 39.23 ± 91.41 ± 63.30 ± 59.14 ± 43.51
S∗1 -0.06 2500.05 ± 0.00 ± 0.58 ± 51.71 ± 18.06 ± 98.30 ± 49.81 ± 202.53 ± 98.92
S∗2 0.22 0.00 2760.70 ± 0.25 ± 15.04 ± 10.09 ± 37.87 ± 57.87 ± 70.55 ± 164.21
TT 0.00 0.00 0.00 2579.93 ± 20.27 ± 27.90 ± 2.43 ± 0.70 ± 1.45 ± 0.80
CT1 -4.12 0.06 0.01 0.02 3952.50 ± 0.00 ± 217.65 ± 38.64 ± 122.95 ± 13.33
CT2 -0.07 -0.01 -0.02 0.00 0.00 4122.75 ± 31.20 ± 10.78 ± 17.31 ± 10.99
S∗∗1 -0.47 0.36 -0.10 0.00 0.94 0.10 3030.20 ± 0.00 ± 46.50 ± 22.52
S∗∗2 0.06 0.06 0.04 0.00 0.00 -0.03 0.00 3296.58 ± 21.78 ± 30.29
S∗∗∗1 0.18 -0.07 0.04 0.00 0.34 -0.03 0.21 -0.04 3261.74 ± 0.00
S∗∗∗2 0.09 -0.08 0.17 0.00 -0.03 -0.05 0.02 -0.05 0.00 3561.98

Dimer D0-syn
Ĥel S0S0 S∗1 S∗2 TT CT1 CT2 S∗∗1 S∗∗2 S∗∗∗1 S∗∗∗2

S0S0 0.00 ± 58.28 ± 47.78 ± 4.53 ± 371.07 ± 38.12 ± 93.75 ± 59.85 ± 59.67 ± 40.97
S∗1 -0.08 2498.29 ± 0.00 ± 0.71 ± 54.52 ± 20.08 ± 96.30 ± 48.68 ± 200.78 ± 97.50
S∗2 0.08 0.00 2755.32 ± 0.30 ± 16.99 ± 11.12 ± 37.75 ± 57.08 ± 69.38 ± 162.75
TT -0.01 0.00 0.00 2579.19 ± 23.13 ± 31.12 ± 3.07 ± 0.77 ± 1.71 ± 0.64
CT1 -1.37 0.04 -0.01 -0.09 3950.35 ± 0.00 ± 235.88 ± 51.59 ± 131.62 ± 13.44
CT2 0.04 0.02 0.02 0.01 0.00 4138.52 ± 30.77 ± 9.92 ± 16.46 ± 8.85
S∗∗1 -0.48 0.30 0.01 -0.01 1.17 0.04 3037.84 ± 0.00 ± 46.48 ± 21.11
S∗∗2 0.03 0.11 0.08 0.00 -0.17 0.00 0.00 3294.79 ± 21.40 ± 29.69
S∗∗∗1 0.29 -0.01 0.17 -0.01 0.67 0.07 0.39 0.05 3257.63 ± 0.00
S∗∗∗2 0.04 -0.21 -0.14 0.00 -0.01 -0.04 0.03 0.03 0.00 3556.85
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Table S20: Average values (diagonal and lower triangular part) and standard deviations
(upper triangular part) of the electronic Hamiltonian matrix elements in the excitonic
basis at the geometries where the current adiabatic wavefunction is dominated by the
excitonic S∗2 state, obtained from the simulations of the excited state dynamics for two
conformers of dimer D0 of ML-DPBF, namely D0-anti and D0-syn.

Dimer D0-anti
Ĥel S0S0 S∗1 S∗2 TT CT1 CT2 S∗∗1 S∗∗2 S∗∗∗1 S∗∗∗2

S0S0 0.00 ± 51.85 ± 50.87 ± 2.62 ± 254.35 ± 35.74 ± 78.76 ± 68.28 ± 54.87 ± 37.52
S∗1 -0.23 2541.37 ± 0.00 ± 0.43 ± 36.34 ± 17.04 ± 88.74 ± 53.58 ± 192.80 ± 116.07
S∗2 0.16 0.00 2748.13 ± 0.20 ± 12.01 ± 8.31 ± 42.79 ± 59.46 ± 87.12 ± 157.99
TT 0.00 0.00 0.00 2583.41 ± 21.68 ± 28.77 ± 1.71 ± 0.65 ± 1.14 ± 0.65
CT1 0.86 0.11 -0.01 0.07 4032.18 ± 0.00 ± 150.84 ± 33.40 ± 96.16 ± 12.46
CT2 -0.17 -0.06 0.03 -0.03 0.00 4153.91 ± 25.89 ± 10.16 ± 16.66 ± 10.98
S∗∗1 -0.06 0.18 -0.06 0.01 0.24 0.15 3059.54 ± 0.00 ± 42.48 ± 21.99
S∗∗2 0.01 -0.06 0.22 0.00 0.10 0.00 0.00 3266.40 ± 24.88 ± 31.28
S∗∗∗1 0.17 0.47 -0.11 0.00 0.18 0.05 0.39 0.08 3304.43 ± 0.00
S∗∗∗2 0.09 -0.37 -0.13 0.00 -0.02 -0.05 0.02 0.06 0.00 3533.07

Dimer D0-syn
Ĥel S0S0 S∗1 S∗2 TT CT1 CT2 S∗∗1 S∗∗2 S∗∗∗1 S∗∗∗2

S0S0 0.00 ± 51.11 ± 49.74 ± 3.21 ± 275.26 ± 35.48 ± 79.34 ± 65.45 ± 54.72 ± 35.33
S∗1 0.01 2542.64 ± 0.00 ± 0.54 ± 40.20 ± 18.82 ± 87.02 ± 53.19 ± 190.93 ± 115.06
S∗2 -0.02 0.00 2743.20 ± 0.24 ± 13.44 ± 8.71 ± 42.29 ± 58.60 ± 86.12 ± 156.82
TT 0.00 0.00 0.00 2583.56 ± 24.57 ± 32.20 ± 2.08 ± 0.69 ± 1.30 ± 0.56
CT1 -1.13 0.00 0.04 0.00 4042.17 ± 0.00 ± 163.42 ± 44.49 ± 102.43 ± 14.03
CT2 0.11 -0.01 -0.02 -0.06 0.00 4170.76 ± 25.62 ± 10.09 ± 16.24 ± 8.91
S∗∗1 -0.05 0.01 -0.16 0.00 0.78 0.07 3064.98 ± 0.00 ± 41.53 ± 20.52
S∗∗2 0.12 0.08 -0.02 0.00 0.00 0.00 0.00 3263.42 ± 24.55 ± 30.59
S∗∗∗1 0.07 -0.06 -0.29 0.00 -0.09 0.02 0.25 0.05 3302.51 ± 0.00
S∗∗∗2 0.02 0.27 -0.35 0.00 -0.07 0.02 -0.01 0.13 0.00 3527.44

S3.3 Fitting of the state populations
In order to extract the state lifetimes, we fitted the populations obtained in the nona-

diabatic simulations for dimer D0 using the following rate model:

X
1/τxy , 1/τ ′xy−−−−−−−→ Y

1/τyz−−−→ Z (S25)

where τxy, τ ′xy and τyz are time constants, and X , Y and Z are (groups of) diabatic
states, namely X = S∗1 , Y = S∗2 , CT, S

∗∗, S∗∗∗ and Z = TT, S0S0. In particular, the
decay of the initially populated X state was modelled by a biexponential function:

PX(t) = PX(0) [ w e−t/τxy + (1− w) e−t/τ ′xy ] (S26)

in which PX(0) is the initial population of state X and w is a constant between 0
and 1. Assuming a monoexponential decay of the group of intermediate states Y , its
population was then fitted using the following function:

PY (t) = fxy e
−t/τxy + f ′xy e

−t/τ ′xy + fyz e
−t/τyz (S27)

where fxy = PX(0) w
τyz

τxy−τyz , f ′xy = PX(0) (1−w) τyz
τ ′xy−τyz

and fyz = PY (0)− fxy −
f ′xy. Since the sum of the populations is equal to 1 at each time, we have:

PZ(t) = 1− PX(t)− PY (t). (S28)
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In the fitting procedure, we started from the known initial populations PX(0) and
PY (0), namely 0.881 and 0.119 for D0-anti, and 0.845 and 0.154 for D0-syn; then, we
determined τxy, τ ′xy and w by fitting PX(t), while τyz was extracted by subsequently
fitting PY (t). In this way we obtained τxy = 0.03 ps, τ ′xy = 10.4 ps, τyz = 17.3 ps and w
= 0.360 for D0-anti, and τxy = 0.04 ps, τ ′xy = 11.6 ps, τyz = 23.5 ps and w = 0.334 for
D0-syn, which define the fitting functions shown in Figure S17.
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Figure S17: Excitonic state populations of dimer D0 fitted by the rate model of Eq.
S25. Upper panel, conformer D0-anti; lower panel, D0-syn. Fitting functions: red
line, Eq. S26; green line, Eq. S27; blue line, Eq. S28.
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