Photoluminesence, Raman and FTIR study of ZnO nanoparticles from the impurity and defect perspective
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We studied ZnO nanoparticles of sizes ranging from 43 nm to 73 nm in diameter. The sample sizes were measured by specific surface area analysis (SSA), x-ray diffraction (XRD) and transmission electron microscopy (TEM). The defects and impurity contents were characterized by Raman and Fourier-transform infrared spectroscopy (FTIR). The results show a decrease of carboxylate and hydroxyl impurities and an enhancement of the E2 mode of hexagonal ZnO for particles of larger sizes. No significant variation in oxygen vacancy content was found among samples. The samples were later annealed at 300 °C in vacuum for 2 hours. It is found that annealing significantly reduces the organic impurities in the samples. The residual impurity Raman/FTIR peaks after annealing still follow a similar trend versus the sample sizes, as compared with the as-grown samples. Upon vacuum annealing, the oxygen-vacancy related defect content in the samples increased.
With an excitation pulse energy of approximately 8×10-14 J and a pulse width of 100 fs, the total luminescence intensity (UV + visible) increases as the particle size grows for both the as-grown and annealed samples. This suggests that both types of luminescence are subject to non-radiative quenching by near surface defect centers, possibly carboxylate and hydroxyl impurities.  There may be quenching due to lattice defects too.  For the unannealed samples, both the visible and the UV luminescence intensity grows as the particles become larger. For the vacuum-annealed samples, the visible luminescence increases versus particle size while the UV luminescence decreases. In addition to the 2.5 eV green luminescence peak, a peak centered at 2.8 eV can be resolved for the 43 nm samples. The effect of annealing on the changes in photoluminescence spectra is discussed. Exciton luminescence lifetimes were measured for both as-grown and annealed samples.
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