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Fig. 1. a) Schematic of the lateral arrangement of ordered molecular
PBI strands and their effective transition dipole moment, µeff , with
respect to the wavevector of the propagating plasmons, kx, for the two
extreme configurations of perpendicular (left side) and parallel (right
side) orientation. b) Plexciton dispersion spectra in case for the weakest
coupling (left side) and the strongest possible coupling (right side).

Coupled light-matter states hold great
promises in manipulating physical properties of
hybrid materials and in unlocking new func-
tionalities for opto-electronic device applica-
tions. Here, we investigate such excited states
of hybrid character, called plexcitons, which
originate by the interaction of excitons in or-
dered organic semiconductors and surface plas-
mons in thin metallic layers [1]. We prepared
oriented liquid crystalline J-type aggregates of
perylene bisimides (PBI 3, para) [2] on top
of silver thin films by off-centred spin coat-
ing. Their emerging spatially anisotropic op-
tical behaviour was analysed by means of a
Kretschmann-setup probing the absorption and
reflection of the samples as function of polar
and azimuthal angle. The long-range ordered
alignment of the helical PBI strands resulted in
a preferred lateral orientation of their molecu-
lar transition dipole moments leading to highly
anisotropic optical properties, as illustrated in
figure 1a). The blue arrow indicates the orienta-
tion of the aggregates effective transition dipole
moment µeff . Taking the wave vector of the incident light, kx, and thus, the propagation direction of the excited
plasmons into account, the resulting coupling V between excitonic and plasmonic state becomes angular depen-
dent, as described by V ∝ µ⃗ · E⃗(k). Accordingly, the weakest coupling is expected for parallel and the strongest
coupling for perpendicular alignment of µeff and kx, which we were able to confirm by the measured 2D disper-
sions and their anti-crossing splittings of almost 0 meV for the case of µeff⊥kx and the gradually increase to the
maximum coupling strength of 27 meV for µeff∥kx,. The dispersion curves at these two extreme configurations
are displayed in figure 1b) measured at the anti-crossing of the PBI excitonic state at 1.93 eV. Complementary
investigations on the photoluminescence of such coupled metal-organic hybrid materials provide insights in the
dynamic characteristics of the excitations, in particular, their complex relaxation pathways and transport. In case of
our PBI/silver stacks, this leads to interesting variations of the Stokes shifts as well as of the diffusion of excitons
upon variation of the azimuthal angle, correlated to the anisotropic alignment of the PBI strands. Understanding
these relations between directionality and anisotropic optical properties enables the implementation of such metal-
organic hybrid structures in future opto-electronic devices with e.g. steered direction of energy transport.
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