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Organic crystalline semiconductors are very promising materials for electronic and
optoelectronics devices, such as transistors, LEDs and solar cells [1]. Real organic
semiconductors are polycrystals and therefore contain many contact interfaces (grain
boundaries) between monocrystals with different crystalline orientations. Grain boundaries
are believed to be bottlenecks to charge carrier transport in these materials [2].

We have developed a methodology for the investigation of the role of grain boundaries
in polycrystalline organic semiconductors. The molecular structure is obtained using the
united-atom description according to Transferable Potential for Phase Equilibria
(TraPPE) methodology for the inter-molecular interaction [3]. A Monte Carlo algorithm
is used for the minimization of the system energy and finding the equilibrium system
structure [4]. The atomic structure of the material near the contact between two grains
is calculated as a result of the energy minimization.

Electronic states near the grain boundaries are calculated using the charge patching
method (CPM) [5]. Motifs for the CPM are generated from density functional theory
(DFT) calculations [5]. CPM provides a similar accuracy as DFT but with a much
smaller computational cost that allows us to calculate electronic states for systems
composed of several thousand atoms, which is not feasible using DFT.

The methodology was applied to study the nature of electronic states introduced by
grain boundaries in naphthalene crystals. The results obtained for the energies and the
degree of localization of the wavefunctions will be presented and the consequences of
the results for the device applications will be discussed.
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