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A theoretical model, based on numerical simulations, is provided to analyze the energy transfer in a two-dimensional mixed J-aggregate featuring a mixing of two kinds of cyanine dyes. These aggregates, of finite size, are characterized by strong intermolecular interactions because of the long range electronic dipole dipole couplings and their excited states are well described in terms of 2D Frenkel excitons, even at room temperature. The 2D J-aggregate system is modeled as a square arrangement of parallel dipoles (donors) in which a given concentration of molecules, with lower energies (acceptors), are randomly substituted. The intermolecular interactions are calculated using the extended dipole method. The Frenkel exciton states are calculated by numerical diagonalization of the aggregate Hamiltonian. The concentration dependences of the absorption lineshapes and of the localization behavior of the exciton states (relative number of coherently coupled molecules) of the mixed aggregate are obtained at all concentrations. The static disorder is taken into account by averaging these properties  over many configurations. For the dynamic disorder, a model of exciton-phonon coupling is used, assuming a Bose Einstein distribution for the phonon occupation density, to describe the energy transfer (intraband and interband scatterings) among the exciton states[1,2]. For each disordered configuration, the scattering rates are calculated and used in a master equation to obtain the time evolution of the excitonic population after initial excitation. This model allows to simulate the concentration dependences of the absorption and fluorescence lineshapes (configurationally averaged) as well as the time-resolved fluorescence decays. The role of the homogeneous broadening on the number of coherently coupled molecules is pointed out and it is shown that this number depends on both static and dynamic disorders. Our simulations are checked against recent experimental results on the luminescence properties of mixed J-aggregates of cyanine dyes [3,4].
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