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I. SUPPORTING INFORMATION

A. Electronic structure calculations

The classification of excited states is the outcome of
considerable amount of electronic structure computations
on a single PTCDI molecule. DFT and TDDFT cal-
culations were performed in utilizing the Gaussian 09
(Rev. A) program [3], the B3LYP functional [4] and
a 6-311G(d,p) basis-set. The optimized ground-state ge-
ometry of PTCDI was verified using frequency analysis.
Transition partial charges were calculated using TDDFT
followed by a natural transition orbital (NTO) analysis
[5] .

The effect of electrostatic couplings to the energy shifts
(i) was calculated as interaction of partial charge distri-
butions (see e.g. [1, 2] and is included in the diagonal
elements Hmm of the standard Frenkel exciton Hamilto-
nian.

B. Molecular dynamics simulations

MD simulations have been carried in using NAMD pro-
gram package [6], the AMBER force field [7] and the
GAFF parameter sets [8]. A set of 216 PTCDI molecules
was considered forming a cubic crystallite of 4.5 nm edge
length and with two molecules in the unit cell [9]. More-
over, periodic boundary conditions have been established
and the electrostatic interactions were computed using
the particle mesh Ewald method [10]. The temperature
was increased to 300 K, and 1 ns simulations were car-
ried out. Since no spectral changes could be observed
after 0.5 ns of MD simulation, the obtained MD data
was considered to be sufficient.

C. Inductive polarisation shifts

In order to include inductive polarisation (ii), many
techniques used in quantum chemistry follow an ap-
proach, in which only a single molecule is treated quan-
tum mechanically and coupled to the environment, which
itself is treated classically (for a recent overview see [11]).

However, since the respective energy shift due to electro-
static coupling was found to be small (<5 meV), in our
calculation we neglect the contribution of inductive po-
larization shifts, which is supposed to be in the same
order of magnitude as electrostatic couplings (i).

D. Excitonic coupling

Here, the Jmn were calculated using the molecular co-
ordinates and transition partial charges [1]. Screening
can be treated with the so–called Poisson–transition–
charges–from–electrostatic–potential–method [12] or with
methods based on the polarizable continuum model and
beyond [13]. Recently, some of us demonstrated that
a 1/ε–screening approach, in which Jmn is replaced by
Jmn/ε, is sufficient as long as only ensemble averages are
calculated [2]. Hence, the same approach was used here,
yielding maximal values of Jmn/ε ≈ 20 meV for the MD
derived geometry.

E. Modeling of small aggregates

We model a disordered phase by cutting small blocks
consisting of 12 molecules out of the 4.5 nm cube. We
consider two disordered phases, of which one phase does
include π–stacked molecules, and the other does not. The
green curve in Fig. 3 is calculated for crystallites which
contain (six pairs of each two) π–stacked molecules, the
blue curve in Fig. 3 is calculated for thin molecular clus-
ters without π–stacking molecules. The latter model may
be considered a model for an amorphous film. The dis-
tance in x, y and z-direction between van–der–Waals–
shells of neighbored molecules that are positioned in dif-
ferent crystallites/clusters is set to about 2 Å reduc-
ing the packing density of films composed of these small
crystallites by about 50 %. Of course this kind of model
system does not include isotropic orientations of the crys-
tallites, which are likely present in the experiment. But,
it includes larger distances between different crystallites
due to the smaller packing density, which strongly affects
the energy shift.
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