Time-resolved fluorescence as a tool to probe the hidden energy structure of the Lifshits tail in disordered 1D nano-structures
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We argue that low-temperature time-resolved fluorescence measurements provide a tool to study repulsive level statistics of localized states, which reside at the Lifshits tail of the DOS. Those states determine optical response and transport properties of 1D nano-structures, such as molecular aggregates and conjugated polymers (see e.g. Refs. [1] and references therein). The fluorescence spectrum after selective excitation in the tail of the DOS is composed of a narrow peak at the excitation energy El and a red-shifted feature[2]. The latter originates from the phonon-assisted relaxation of excitons over the hidden energy structure [3] of the Lifshits tail. We demonstrate that at times shorter than the typical relaxation time within the hidden structure (W12-1) the shape of the red feature I(E) is universal, being determined by the product of the phonon spectral density S(El-E) and the conditional probability distribution P12(El,El-E) of the nearest level spacing within the hidden energy structure (see the Figure).  The distribution P12(El,El-E) can therefore be extracted  from the red feature, provided S(El-E) is known.
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Solid line - fluorescence spectrum I(E) at short times, open circles – the product of the phonon spectral density S(El-E) and the conditional distribution function of the nearest level spacing P12(El,El-E) for the hidden energy structure, dotted line – absorption spectrum, J is the nearest neighbor coupling constant.
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