Ultrafast time-resolved infrared luminescence spectroscopy in halogen-bridged Pd complexes
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One-dimensional halogen-bridged transition metal complex has been attracting much attention for many years. The Pt complex is a Peierls insulator having a charge density wave (CDW) ground state, while the Ni complex is a Mott insulator caused by strong electron correlation. The Pd complex is intermediate between these two complexes and has a CDW ground state near the boundary of the CDW and Mott insulator domains.1 We investigated the photo-excited state dynamics of the [PdBr(chxn)2]Br2 (PdBr) by ultrafast luminescence spectroscopy. We extended the up-conversion technique to midinfrared region down to 0.35 eV (3.5 (m) and achieved 100 fs resolution. The sample was maintained at 4.5 K and excited by 1.55 eV photons. This material has 0.72 eV energy gap, which corresponds to the charge transfer (CT) from Pd2+ to Pd4+. Above the CT gap energy, namely above 0.8 eV in Fig. 1, the fast rising of the luminescence was observed.  In contrast, below the CT gap the delayed luminescence onset was found and it was as large as 200 fs at 0.35 eV. These decay profiles suggest that the nuclear wave packet slides down on the potential energy surface of the excited state. Neither oscillation nor pileup of the self-trapped exciton (STE) was observed even at the photon energy lower than one half of the CT gap. The observed time response corresponds to one-time passing motion. This behavior is contrasted with Pt complex, where the multiple recursions of the wave packed has been observed. In PdBr the STE is unstable and relaxes to another low energy state directly without experiencing a barrier. It is predicted theoretically that the hidden Mott insulator phase appears in photo-excited state with no energy barrier.2 This is consistent with our experimental.
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Figure 1: The time evolution profiles of the luminescence at each photon energy noted on right side.








