Time response of up-converted emission on cyanine dye J-aggregates
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It is well known that some dyes are able to form J-aggregates in aqueous solutions. The optical absorption spectra of the J-aggregates, exhibit a sharp band shifted to lower photon energy side from the monomer absorption band and called J-band. The J-band is due to the transition of excitons delocalized over the constituent molecules [1,2]. We observed an up-converted emmision band of J-aggregates of NK-2203 cyanine dye at 2.08 eV that was seen on high-energy side (0.12eV) than the excitation energy by He-Ne laser (1.96eV) [3]. This is not due to the two-photon absorption. The luminescence spectrum obtained by the low-energy excitation is quite similar to that by a band-to-band excitation. The mechanism of this up-converted emission of the J-band is of interest, so that time-resolved luminescence was investigated using tunable pulsed-laser systems. Figure 1 shows a decay curve of the J-band emission of 4×10-4 M aqueous solution measured by a forward scattering configuration with an excitation laser light operated at 2.00 eV. The line shape of the time-evolution depends on the excitation intensity. The time-evolution of the emission indicates that the emission maximum comes after a delay of a few picosecond from the excitation. We adopted a function, 
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, as representation of the decay curve. The resultant values of the rise time r and decay time d are about 3 ps and 200 ps, respectively. These are equivalent to those of the band-to-band excitation measured by the same condition. The temperature dependence of the up-converted luminescence intensity [4] suggests that the excitation and decay process in the luminescence is the same as that of the band-to-band excitation. This luminescence seems to be due to an optical excitation of thermally excited molecules in the aggregate. 
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Fig. 1 decay curve of the J-band emission
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