Time-resolved luminescence spectroscopy of self-trapped excitons in hydrogen-bonded nonlinear optical crystals
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The paper presents the results of a study of the electronic excitation dynamics and luminescence in the hydrogen bonded non-linear optical crystals of the ammonium dihydrophosphate NH4H2PO4 (ADP) and potassium dihydrophosphate KH2PO4 (KDP). These crystals are usually utilized in the field of the short-wavelength non-linear and integrated optics, in particular, as non-linear converters of laser radiation (up to 6th harmonic of the YAG:Nd or Al2O3:Ti high-power picosecond lasers). The experimental data on the decay kinetics of photoluminescence (PL), the time-resolved PL emission spectra (2‑6.2 eV) and the time-resolved PL excitation spectra (4‑24 eV) were measured for the ADP and KDP crystals at 8 K. All the obtained results strongly support interpretation that the low - temperature bright ultraviolet luminescence at 4.7 eV in ADP and at 5.2 eV in KDP has intrinsic origin and it is due to the radiative annihilation of self-trapped exciton (STE). The fast decay component and the slow decay component are most likely to originate from the spin singlet and triplet levels of the lowest electronic states of the proposed STE. It was ascertained that the excitation of this PL band occurs in two ways. Upon excitation in the fundamental absorption region of ADP and KDP, the PL excitation can occur via creation of unrelaxed electronic excitations with their subsequent self-trapping and radiative STE annihilation. The excitation via this mechanism is most efficient near the low energy tail of fundamental absorption of ADP and KDP. Another channel of PL excitation at 4.7 eV was associated with the recombination of electrons at self-trapped holes in the form of [H2PO4]0-radicals (B-radical). The PL excitation via this mechanism is most efficient in the region of interband transitions with the lowest energies upon formation of geminate electron‑hole pairs. An increase in the excitation energy increases the probability of pair decay, which is accompanied by subsequent localization of electrons at various trapping centers and self-trapping of holes. The band at 2.6 eV excited in the fundamental absorption range of ADP is attributed to recombination of electrons at A-radicals, which are hole centers based on hydrogen vacancies. The mechanism of excitation of this PL band has similar features with the recombination mechanism for excitation of the PL band at 4.7 eV. The centers of the 2.6 eV PL band excited in the transparency region of ADP and KDP crystals at 8 K have different nature attributed to the A-radicals associated with various heterovalent impurities. The paper discusses the mechanisms of formation and the decay channels for both the relaxed and non-relaxed electronic excitations in these crystals.
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